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ABSTRACT
Medical equipment has become increasingly sophisticated 
v;ith elcgical progress, ’.'ith the result that sterilizat­
ion is often more difficult to achieve» Much modern equip­
ment is intricatej delicate and thermolabile» For the purposes 
of this research, fibre-optic endoscopes were chosen as 
important examples of this type of equipment» Because of 
their expense, individual instruments may be required more 
than once during a surgical list* There is thus a need for 
a rapid, simple,cold method of sterilising such equipment 
but there are no suitable methods currently available»
Physical sterilization methods and gaseous chemicals cannot 
be used and the sporicidal liquids available for the treat­
ment of heat labile surgical equipment require contact periods 
of several hours. Previous research showed that a mixture 
of methanol and sodium hypochlorite had appreciable sporicidal 
properties. The main aim of this work was therefore the 
investigation of alcohol-hypochlorite mixtures and the develop­
ment of a cold, quick-acting sporicidal liquid suitable for 
treating therniolabile instruments and other equipment.
The physical, chemical and biological properties of 
several mixtures of sodium hypochlorite and an alcohol were 
studied and some were shown to be sporicidal within two 
minutes. The effect of changing the pH of these mixtures 
and of hypochlorite solution alone was investigated. The 
uses of such solutions were'considered.
Disinfection methods currently used for endoscopes in 
two hospitals were studied and shown to be ineffective. 
Following successful treatment of a laboratory contaminated 
fibre-optic endoscope a solution of sodium hypochlorite 
buffered to pH 7.6 was suggested for use with thermolabile 
medical equipment.
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1.2*2 Sterilization methods*
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1*3 Chemical disinfectants,
1*3*1 General applications and uses.
1,3*2 Types of disinfectant; mode of action and spectrum 
of activity,
1*3-3 Situations in which alcohols and hypochlorites are used,
1.4 Disinfectant testing,
1*4.1 History
1.4.2 Principles of testing*
1.4.3 Test techniques,
1.5 The use of "bacterial endospores in assessing disinfection 
and sterilization methods*
1*5.1 Resistance of spores; their use in testing,
1*5.2 Mechanisms of resistance in spores.
1.6 Disinfection and sterilization in the medical field.
1.6.1 Personnel,
1.6*2 Environment*
1.6.3 Special equipment*
1.6.4 Surgical equipment; fibre-optic endoscopes.
1*7 Some outstanding problems in the field of sterilization
and disinfection of heat-labile surgical equipment.
1,7*1 The potential use of hypochlorite formulations for the
sterilization of endoscopes and other surgical equiment. 
1.7-2 Outline plan of the work undertaken.
1.1 PRELIMINARY NOTE
The research work to he presented in this thesis 
concentrâtes on a particular chemical mixture and its 
application in the field of medical disinfection and 
sterilization, in particular with regard to heat sensitive 
surgical items such as endoscopes. However, as this is a 
specialised field, it was thought that in the Inti'-oduction 
it would he helpful to include fairly comprehensive sections 
dealing with various aspects of disinfection and sterilization 
so that it may be shown how this restricted subject fits into 
the overall field of relevant knowledge. The possibility of 
the mixture being used in areas other than the particular one 
studied and the requirement for a chemical sterilant in many 
fields will also be put into perspective.
1-2 PRINCIPLES OF DISINFECTION AND STERILIZATION
1.2.1 DEFINITIONS
Sterilization
This is an absolute term meaning the complete 
destruction or removal of all forms of life. In 
microbiology, the term sterilization means the destruction 
or removal of all microorganisms.
Disinfection
The removal or destruction of pathogenic micro­
organisms. not usually including bacterial snores. The 
reason for the exclusion of spores is that they are highly 
resistant to both physical and chemical treatments, (see 
. section 1 .5 ).
Cleaning
A soil removing process requiring energy, which 
removes a high proportion of all microorganisms present, 
including bacterial spores. According to Maurer (1974) 
cleaning may be considered to be a method of disinfection.
1.2.2, STERILIZATION METHODS
1.2.2.1 Physical methods of sterilization
1.2.2.1.1 Heat
Heat is the most reliable sterilizing agent and 
is generally used in preference to all other forms of 
treatment whenever practicable. Either moist or dry heat 
may be used. Dry heat kills by oxidation of proteins 
whilst moist heat kills by coagulation, the temperature of 
coagulation being dependant on the amount of water present, 
When materials are thoroughly dried, or the water activity 
is reduced by the presence of a high concentration of a 
neutral substance such as glycerol or glucose, much higher 
temperatures are required before coagulation can occur.
The low water content of bacterial spores has thus been 
suggested as one explanation of their high degree of heat 
resistance (see section 1 .5 .2 .2 ).
The advantages of sterilization by moist heat 
rather than dry are that lower temperatures and shorter 
times can be used as demonstrated by the figures produced 
by the Medical Research Council (1959? 1962) of recommended 
times and temperatures required for heat sterilization.
Temperature (^C) Holding time (mins.)
121 15
126 10
134 3
Moist heat 
(autoclave) M.R.G, (1959)
Dry heat 
(oven)
160
170
180
190
45
18 M.R.O. (1962)
1.5
Sterilization by moist heat is usually carried out 
in an autoclave in which steam is compressed, causing its 
temperature to rise. It is the increased temperature, and 
not the pressure, which causes sterilization. In order 
to carry out such a sterilization process efficiently one of 
the most important factors is the removal of air from the 
materials to be sterilized, and its complete replacement by 
steam, since the presence of air will affect the temperature 
achieved. Removal of air can be by the traditional downward 
displacement method where free-flowing steam displaces the 
air gradually, or by a pre-vacuum treatment when a pump 
withdraws air from the chamber before allowing steam to enter. 
This system is particularly useful for the sterilization of 
surgical dressings and other porous loads. Plash 
sterilization in an autoclave can be used for open, unwrapped, 
instruments if the temperature is taken up to 150 0 and 
immediately down again, providing the come-up time is at 
least 60 seconds (Lane e^ al•? 1964; Phillips and Taylor,1965)
Pressure cookers work on the same principle as 
autoclaves and may be useful in some situations such as in a 
general practitioner *s surgery (Graharae, I965).
Live steam (i.e. free-flowing not compressed) can 
be used for sterilization only if a fractional process is 
employed, since the temperature of steam will not exceed 
lOO^C unless it is compressed, and steam at 100 0 will not 
kill bacterial spores. Tyndallisation is a method of 
fractional sterilization which involves the exposure of
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substances (usually liquids) to live steam for 30 minutes 
on each of three successive days, with incubation during 
the intervals. During the incubation period bacterial spores 
germinate into vegetative forms which are killed by the 
subsequent heating* This is a time consuming process, useful 
for certain bacteriological media, but otherwise rarely used 
nowadays,
Dry heat sterilization is usually carried out in a 
hot air sterilizing oven, fitted with a fan to ensure even 
distribution of heat, (B.8 ,1961), or in a conveyer oven 
utilising infra-red radiation. Compared with moist heat, 
sterilization by dry heat has limited application because of 
the necessity of using much higher temperatures for much 
longer times, which are destructive to many materials. Dry 
heat is mainly used for sterilising oils, petroleum jellies, 
surgical catgut and glassware. It cannot be used when water, 
including water of crystallisation, is present, Grahame (I9 6 5) 
has described the use of a domestic oven for dry heat 
sterilization.
Incineration is an excellent method of sterilization 
of disposable materials, providing (as with all sterilizing 
procedures) it is correctly carried out* For example, care 
must be taken to ensure that incompletely burnt particles are 
not released into upcurrents of hot air.
Flame sterilization is used in the bacteriology 
laboratory for sterilizing platinum or nichroma loops. It is 
also used by dentists and general practitioners in preparing 
certain instruments for minor surgery, Howeyer, its 
applications are limited. The practice of swabbing instruments 
with alcohol and then burning this off is not generally 
regarded as a sterilizing process since the instruments may 
not reach sterilizing temperatures and alcohol is ineffective 
against bacterial spores (Results 3.2,1.2).
1,2.2,1,2 Radiation
Two types of radiations have been used for killing 
microorganisms; (a) ionizing radiations comprising X-rays, 
gamma rays, cathode rays, beta rays, and the relatively heavy 
particulate neutrons and protons; (b) longer electromagnetic 
waves comprising the ultra-violet rays of wavelength 2 ,0 0 0 - 
U?000 Angstroms, infra-red, and radio frequency radiations 
and ultrasonic waves of very high frequency (Sykes 1965),
The term radiation sterilization applies 
exclusively to the ionizing radiations. (Non-ionizing 
radiations may disinfect - 1 ,2 »3 *1 *4 )'
Radiation sterilisation is used mainly by 
manufacturers of pre-sterilized disposable equipment and 
is not common in hospitals due to the high cost and large 
size of the necessary plant. It is, however, one method 
which can be used for the treatment of heat sensitive materials, 
although some, such as glass, may be damaged.
The mechanism of the sterilizing action of the 
various radiations is not wholly understood but broadly 
speaking it results from interferences in the cellular 
metabolism of the microorganism. These changes are of a 
molecular nature and, can be caused by breakdown or alterations 
in the structure of essential cell metabolites.
1.2.2,1.3 Filtration
This is a method of sterilizing by removal of 
organisms rather than destruction. The main use is in the 
sterilisation of fluids which contain thei^olabile constituents 
and cannot be sterilized in any other way. For example, 
culture media and its components, and fluids and medications 
for intravenous use. Filtration is also used for air disin­
fection*
There are several types of filter available for 
sterilizing purposes. Bacteria free filtrates may be 
obtained by the use of filters with a maximum pore size not 
exceeding 1 micrometre but in order to remove viruses, 
ultrafilters with pore sizes of 0 ,1 micrometre or less must 
be used. With many of the older types of filter viruses 
cannot be removed and for this reason such filters should not 
be regarded as sterilizing filters.
Porcelain filters were the first type specifically 
designed (by Pasteur and Ghamberland) for the purpose of 
removing bacteria. They are obtainable in a range of porosities 
but the majority are now used for the clarification of water. 
Diatomaceous earth (Kieselguhr) filters were produced in 
Germany shortly after the Pasteur-Chamberland filter and like 
the porcelain filter are fabricated in the shape of hollow 
candles (Berkfeld filter). The asbestos pad (Seitz) filter 
is perhaps the best known. The filters are available in 
different grades and contain mixtures of fibrous or granular 
materials including asbestos. Those with the higher
proportion of asbestos produce the finer grades* Asbestos 
filters have many problems such as shedding fibres into the 
filtrate and., due to their negative charge, ads orb t ion of 
substances from solution* Sintered glass filters are a more 
recent Innovation and although negatively charged they do not 
adsorb solutes during filtration to the extent of other filters. 
Their porosity is not affected by heat sterilization and they 
are easily cleaned by acids. The only difference between 
membrane and ultrafilters is their pore size; ultrafilters are 
0 ,1  micrometer or less; membrane filters are more than 0 ,1  
micrometer. Ultrafilters are therefore used for filtering 
viruses and other large molecule proteins and -membrane filters 
are used for bacteria. The filter discs are normally composed 
of cellulose acetate and are either supplied sterile, or can 
be sterilized using steam or ethylene oxide. These filters 
have now come into extensive use for the bacteriological 
examination of water supplies, ice cream, air, clinical 
samples and other substances, since the filter disc can be 
placed onto agar or into liquid medium for detection of 
bacteria after filtration of the sample. Applications of 
membrane filters have been reviewed by Ehrlich (i960).
1.2,2,2 Chemical methods of sterilization
It is generally accepted that the most satisfactory 
methods of achieving sterilization are physical, especially 
heat. However there are some occasions when physical methods 
are inconvenient or impossible and recourse must then be made 
to chemical methods which, for various reasons, are less 
reliable than heat,
1.2,2.2,1 Gaseous
Kelsey (19&7) has reviewed the use of gaseous 
antimicrobial agents. Ethylene oxide, propylene oxide, ozone, 
formaldehyde, methyl bromide and beta-propiolactone have all 
been used as sterilizing agents but ethylene oxide (CHgOHgO) 
is the one most commonly used at present. It is generally 
mixed with carbon dioxide, or other diluent, since pure 
ethylene oxide is explosive. It must be used in a special 
chamber in which conditions of temperature and humidity can 
be carefully controlled. Time and concentration must also be 
controlled if a sterilizing cycle is to be obtained, thus 
making the equipment elaborate and expensive and therefore 
only available in a few centres. Because of these and other
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variables such as presence of dirt or grease and type of 
packaging, Kelsey (1963) stated that ethylene oxide is 
probably t he one sterilizing agent that can be effectively 
controlled only by bacteriological means*
An advantage of ethylene oxide is that penetration 
into many materials (paper, cloth, cardboard, some plastics) 
is very rapid as long as the materials are clean and free 
from grease. On the other hand time must be allowed for 
adequate aeration after the process and this makes the 
overall cycle a long one (up to 24 hours). If aeration, 
especially of rubber and plastics, is not complete, chemical 
buï*ns may result from contact with the sterilized article.
Three residuals have been identified in treated materials - 
ethylene oxide, ethylene glycol and ethylene chlorohydrin.
The mode of action upon microorganisms is probably 
non specific alkylation of -OH, -NHg and -SH groups which 
explains its wide antimicrobial spectrum. The actual rate 
of 1111 depends upon all of the factors mentioned above and 
although the sterilising time may be as short as one hour, 
aeration following this can prolong the overall cycle time by 
many hours.
When time is available, ethylene oxide is a useful 
sterilization method for heat sensitive instruments such as j
endoscopes. I
Propylene oxide is about half as active as ethylene I
oxide and is a liquid at room temperature. It has been used I
for sterilizing dental instruments held in a small electrically 
heated jar (Rubbo and Gardner, 1965) but is not now in 
common use. !Ozone is highly toxic to all forms of animal life in |
quite lov/ concentrations. It is an effective bactericide by i
virtue of its high reactivity with organic substances of all |
types. The presence of organic matter therefore affects its |
activity considerably, As with ethylene oxide, temperature I
and humidity greatly influence its performance and its main |
uses are in water treatment and food preservation, although j
its value in the latter case lies exclusively in its ability |
to prevent surface growth since it is incapable of any ddep I. . ipenetration. j
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Formaldehyde is non-inflammable and effective 
in low concentrations against microorganisms,but it has poor 
powers of penetration, is toxic and is difficult to remove 
once absorbed. It is also readily polymerised to the virtually 
inactive solid paraformaldehyde. It can be used in hospitals 
for blankets and bedding, in special chambers or converted 
autoclaves, if the temperature and humidity are carefully 
controlled, and is recommended for terminal disinfection of 
premises in some special situations (For example see the 
Smallpox memorandum DHSS 1975).
Betapropiolactone is a heterocyclic ring compound 
like ethylene oxide, but is more active antimicrobially*
It is non-inflammable but its penetrating powers are low and 
it is alleged to be carcinogenic, hence its unpopularity as a 
sterilizing agent,
1,2.2.2,2. Liquid
Few, if any, liquid chemicals are considered to be 
sterilizing agents. By definition they must be sporicidal* 
Those which are capable of killing spores generally require 
particular conditions and long periods of time in which to do 
so, Sporicidal liquids will be considered later (1,3,2.1.2),
1.2.2,3 Physico-chemical methods of sterilisation
The most important physico-chemical method at 
present under study and in use in some places is a combination 
of low temperature steam with formaldehyde vapour. The method 
was developed by Alder, Brown and Gillespie (1966) for the 
sterilization of heat sensitive materials, A high prevacuum 
chamber is used with special valves which maintain a sub- 
atmospheric pressure in the chamber, resulting in steam at a 
temperature of 70-80°C, A two hour exposure period is usually 
used with the addition of approximately five ml of formalin per 
cubic foot, and under these conditions sterilization can be 
achieved (Lowbury et al.,(1975)),
Penetration of the formaldehyde into materials is 
not always good, and this can be one of the major problems 
associated with the process, Gibson (1977) demonstrated the 
protective effect of dried protein and stressed the importance 
of adequate pre-cleaning of instruments if sterilization is 
to be achieved consistently. Recent authors (Ayliffe et al., 
1977; Gibson, 1977) are of the opinion that the process 
disinfects with a reasonable possibility of sterilization,
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and it is to be hoped that further development will produce 
machines which will reliably sterilise.
Other examples of sterilisation methods using 
bactericides and heat have also been described (Sykes, 1965) 
and are of greatest applications in the food industry.
Beck (1978) has recently described a physico-chemical 
method of sterilization which utilises ultrasonic manipulation 
and chemical bactericidal action.
1.2.3 DISINFECTION METHODS
1.2.3»! Physical methods of disinfection
When carried out to a degree such that bacterial 
spores are not killed, any of the physical sterilization 
methods already described become, by definition, disinfection 
methods. These processes will not be discussed again in this 
section,
1.2.3 .1.1 Heat
Moist heat disinfection methods comprise boiling, 
pasteurization and low temperature steam.
Boiling in water for five minutes at lOO^G will kill 
all microorganisms other than bacterial spores. However, water 
at 95-99^0 has virtually the same power of disinfection without 
the disadvantage of clouds of steam being produced.
Pasteurisation owes its origin to the discovery by 
Pasteur that a mild heating to 5Û or 60°C would prevent 
spoilage of wines. It is used today to improve the keeping 
quality of milk and other liquids and for the disinfection of 
some heat sensitive surgical instruments. Pasteurization of 
milk is carried out at temperatures ranging from 60-80°G for 
periods between 63 minutes for the lowest temperature and less 
than one second for the highest. In hospitals the minimum 
recommended temperature for heat disinfection is 65°G for ten . 
minutes in the presence of moisture.
Low temperature steam, as previously described 
(1 ,2 .2 .3 ) but without the addition of formaldehyde, can be 
used as a disinfection process.
There are few uses for dry heat as a disinfection 
method. The ironing of fabrics with a hot iron should achieve 
a reasonable degree of disinfection.
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1 * 2 * 3 » 1 » 2 Cleaning
One of the virtues of cleaning Is that it is 
suitable for both living tissues and inanimate objects, in 
contrast to any of the methods previously described* In 
general, the way in which cleaning is carried out is far more 
important than the equipment used.
Environmental cleaning methods may be dry or wet, 
but in general v/et methods are more efficient. Brooms which 
raise dust should never be used in hospitals, and when vacuum 
cleaners are used they should be of correct design and used 
with care to reduce the spreading of microorganisms (Maurer,
1974)- When wet methods are employed equipment must be 
decontaminated, then stored dry to prevent multiplication of 
organisms, and it should be capable of regularly withstanding 
a heat sterilising process.
Moisture is necessary for skin and mucous membrane 
cleaning. Hand disinfection by washing with soap and water 
is sufficient for most purposes and drying is generally by 
means of hot air or disposable paper towels. The use of a 
chemical disinfectant in addition to washing may be necessary 
in certain circumstances and for surgical disinfection.
l*2o3»l»3 Heat + cleaning
It is often convenient to combine pasteurization 
with a cleaning process. A machine which washes and at the 
same time pasteurizes is invaluable for treatment of 
anaesthetic equipment, laundry, cleaning equipment, bedpans 
and crockery,
1.2.3.1.4 Other physical methods
The sterilisation of liquids by filtration has been 
described earlier. Filters may also be used for the disinfection 
of air. Although the air after passing through the filter may 
be sterile, maintenance of sterility is almost impossible and 
for this reason the process is generally referred to as 
disinfection rather than sterilization. The filters are 
usually composed of layers of cotton wool, slag wool, glass 
wool or spun glass fibres, or paper, asbestos and glass fibre 
mixtures* They must be kept dry if they are to work efficiently 
and with the fine filters necessary for trapping microorganisms 
it is usual to have a coarser pre-filter to remove large dust 
particles. Filtration is one of the easiest means of supplying 
suitable air to sterile filling rooms, operating theatres 
and similar premises. 11
Ultra-violet light may also be used .for the 
disinfection of air. It is a useful adjunct to filtration 
in keeping the bacterial contamination at a low level but 
it has virtually no power of penetration.
Infra-red radiations have no antibacterial activity 
other than that due to the heating effect.
Microwave oven irradiation has recently been 
suggested as a method for bacterial decontamination in a 
clinical microbiology laboratory (Latimer and Matsen 1977).
Treatment with cold, by desiccation and by 
ultrasonics have each been tried with variable success as 
methods of disinfection, but in contrast, both cold and 
desiccation have been employed as methods of preservation of 
microorganisms. Such methods appear to have few practical 
applications in disinfection. Sykes (1965) has described 
the uses to which such methods have been put,
1.2*3*2 Chemical methods of disinfection
1.2.3.2.1 Gaseous
Formaldehyde is the only gas regularly used for 
disinfection, although all of the gases considered earlier 
might be better regarded as disinfecting rather than sterilizing 
agents, especially when conditions of use are not carefully 
controlled.
Apart from terminal disinfection or fumigation of 
rooms (1 ,2 .2 ,2 .1), formaldehyde is often used for the treatment 
of heat sensitive surgical equipment. Formaldehyde tablets 
are placed at the bottom of an enclosed trolley or other 
specially designed container which has vented shelves on which 
instruments are placed. The instruments must be thoroughly 
cleaned before being subjected to treatment due to the poor 
penetrating power of formaldehyde. The container is then 
heated and formaldehyde should be released from t he tablets 
providing humidity is also controlled. Since all of these 
conditions are frequently not achieved, the process is rather 
unreliable,
1.2.3.2.2 Liquid
There are many liquid chemical disinfectants on the 
market with different properties and usages. Some are very 
good and may even sterilize under optimum conditions, whilst 
others will not disinfect except under strictly controlled 
laboratory conditions. The range, properties and requirements 
of chemical disinfectants will be considered later (section 
1.3)., IB
DYNAMICS OF DISINFECTION
]. * 2 *4,1 General principles 
1.2*4il.l Velocity constant
Disinfection 'is not an instantaneous process; it 
takes place gradually, at a rate which is determined by 
factors which will be discussed later (1*2*4.3)° In general 
there is a logarithmic order of death, first demonstrated by 
Chick (190ô)c In other words,a plot of the log of 
concentration of survivors of a certain treatment against 
time, gives a straight line*
The slope of the linear curve is described by the 
velocity constant (K)*
K = where n. and n_ are the2“  1 ^2 1 2number of survivors after times t^  ^ and tg*
The rate of kill may also be expressed as the D value or 
Decimal Reduction Time, which is the time in minutes required 
to effect a 90 per cent, reduction in the number of organisms*
The D value is the reciprocal of the velocity constant*
However, deviations from this logarithmic order of 
death are frequently encountered (Sykes, I9 6 5), the most 
usual of which is the sigmoid form where the death rate is 
initially slow, then accelerates to a constant value which is 
maintained until near tne end of the process, when the few 
remaining cells succumb at a slower rate. The final decline 
in rate does not necessarily arise from a distribution of 
organisms of differing resistances. Bean and Walters ( 1961) 
showed that survivors would experience a change in environment 
due to lysis of the killed cells, and the release of nutrient 
material from them. This would at least reduce the efficacy 
of the disinfectant and might allow some growth of the 
survivors *
1.2*4«I»2 Inactivation factor
The inactivation factor is the degree of reduction 
or percentage kill of a microbial population by a particular 
treatment. It is a convenient means of expressing the severity 
of the disinfection process and is calculated by dividing 
the initial viable count by the final extrapolated count after 
treatment, using a test organism which is l-oiown to be highly 
resistant to the treatment*
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1,2*4.1e3 Temperature coefficient
The temperature coefficient may,he defined as a 
measure of the change in velocity of disinfection par degree 
rise in temperature (Sykes, 1965). A range of ten degrees 
Centigrade is usually employed.
Temperature coefficient _ time required to kill at x^G
(per ten degree rise) time required to kill at (x + 10) C
1.2e4*2 Heat disinfection '•
1,2.4*2,1 Thermal death point
This is generally defined as the lowest temperature 
at which a suspension of bacteria in an aqueous medium is 
killed in ten minutes. It is not a particularly useful term 
as it takes no account of any temperature coefficient and 
can he markedly affected by the physiological state of the 
organism and the actual composition of the suspending medium.
The thermal death point is approximately 55^0 for Escherichia 
coll, 60°0 for the tubercle bacillus and 120°C for the most 
resistant spores,
1,2.4*2,2, Thermal.death time
This is the time required to kill a culture of 
organisms at any predetermined temperature. Although this 
is a more flexible term than thermal death point it still takes 
no account of the cultural state of the organism, biit it can 
include some assessment of the temperature coefficient,
1.2.4*2.3 Thermal death rate
This often approximates to a logarithmic form 
although there are many examples of the curve deviating from 
the straight line. Many deviations conform to a sigmoidal 
response ciuve as described earlier. (1 ,2 ,4 *1 *1)*
1.2.4*3 Chemical disinfection
The effectiveness of chemical antimicrobial agents 
is influenced by many factors including temperature, pH, 
presence of organic matter, uptake of compounds by containers 
and closures, the type of organisms present and their pre­
treatment history. The influential factors may, for 
convenience, be divided '' into those concerned with the 
microorganism, those concerned with the chemical agent, and 
those influencing the interaction between agent and microorganism.
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1,2c.4 f3 1 Characteristics of the microorganism
The degree of resistance of different organisms, 
the production of spores, the physiological state of the 
organism and the number of organisms present will all affect 
the rate at which sterilization or disinfection can proceed. 
Spores are produced by a few genera of bacteria and 
by yeasts and fungi, but generally it is only the bacterial 
endospores which are highly resistant to chemical destruction* 
These will be considered later (1.5).
Various species of Gram positive bacteria, Gram 
negative bacteria, bacterial spores, moulds, yeasts and 
viruses are important as pathogens and yet show considerable 
differences in sensitivity to chemical compounds, as a result 
of their different structures and chemical composition. The 
family Mycobacteriacsae provides examples of vegetative 
bacteria which are relatively resistant to certain forms of 
destruction, especially chemical disinfectants. This is 
partly due to the existence of a waxy substance (containing 
mycolic acid) in the cell wall. Conversely, species of the 
genus Neisseria are examples of organisms which are very 
fragile and susceptible to all common methods of destruction.
In addition to the differences in susceptibility 
between various t^pes of organism, susceptibility of cells to 
disinfectants or heat varies with their physiological state.
The cells in a young culture are generally more susceptible 
than those in a stationary-phass culture (Russell, 1974)» and 
their pre-treatment history can also markedly affect their 
susceptibility.
When large numbers of organisms are present, the 
disinfection rate may be reduced. This may be due to clumping 
or individuals with greater resistance, or release of materials 
from lysed cells (section 1 ,2 .4 *1 *1 ),
1.2,4,3,2 Characteristics of the agent used for destruction 
The efficacy with which a chemical disinfectant 
destroys microorganisms depends on many different factors.
The nature of the water with which the disinfectant is diluted 
may affect its performance, as will its chemical nature, 
concentration, water solubility and its effect on surface 
tension. The disinfectant’s ability to react with the 
microorganism is of obvious importance and its destructive, 
toxic and irritating properties, its spectrum of activity, 
cost and availability must all be considered.
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Chemical nature
The form in which a chemical is presented is 
important» For example, chlorine is of no value as a 
disinfectant in the form of table salt but is an effective 
disinfectant in a free form either as a moist gas, an alkaline 
aqueous solution, or as the hypochlorite. The chemical nature 
of the disinfectant affects its mode of action. Thus, 
different disinfectants may act against protein in general, 
or against specific chemical groups.
Concentration
A change in the concentration of a disinfectant 
always results in a change in the rate of disinfection. The 
relationship is an exponential one. The concentration 
exponent, or dilution coefficient of a particular disinfectant 
is represented by n in the equation;
n log c 4 log t = a constant 
when t = time of disinfection and c = concentration of 
disinfectant *
The dilution coefficient is characteristic of each 
type of disinfectant. If the coefficient is high, then the 
disinfectant can only be diluted a small amount before it 
loses its germicidal power, but if the coefficient is low 
the disinfectant will remain active over a fair range of 
dilutions. For example, phenol has an n value of about five 
and ethylene oxide about one, thus halving the concentration 
of ethylene oxide will only double its disinfecting time, but 
halving the concentration of a phenol solution will increase 
its disinfecting time by 2  ^ (i.e. 32) times.
n can however vary for a given disinfectant according 
to the organism used in the test.
Water solubility
The water solubility of disinfectants is important 
since some chemical agents depend on ionization for their 
activity and this will only occur when dissolved in water.
Water is also necessary to enable the chemical to gain access 
through the bacterial cell wall.
Surface tension
Ability to lower surface tension is an extremely 
important property of liquid disinfectants. If a substance 
has the power to lower the surface tension of aqueous solutions 
it allows the solutions to ’wet* objects and thus brings the 
disinfectant into intimate contact with the microorganisms.
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Many substances such as soaps and detergents have 
the power to lower the surface tension of solutions and may 
sometimes be added to disinfectants to improve their activity. 
However, care must be taken to ensure that the two agents are 
compatible (section 1.3.2). Some surface tension reducers 
are also disinfectants; for example alcohols, cresol and 
quaternary ammonium compounds.
Effect on vital narts of the microorganism
The ability of a non-coagulative agent to affect 
the vital parts of the microorganism is of obvious importance 
in inhibiting and killing them. Among the most important 
parts of the microorganism are the enzymes and related 
structures in the cell by which they obtain energy or 
synthesize cell material. If these vital enzyme systems are 
interfered with, the organisms die, or are held inert 
(bacteriostasis).
Deterioration
Of great practical significance is the stability of 
a chemical disinfectant and the conditions under which it must 
be stored in order to retain maximum activity. Many 
disinfectants gradually deteriorate after dilution with water 
and therefore should be diluted only immediately prior to use. 
Some disinfectants must be activated by mixing two components 
before use and subsequently deteriorate over a short period.
Most disinfectants deteriorate more rapidly at high temperatures 
and many must be kept in the dark even when concentrated.
1,2,4.3.3 Factors influencing the interaction between agent and microorganism
The accessibility of the disinfectant to the 
microorganism is of primary importance. Temperature, organic 
material, contact, time, surface tension and pH may all affect 
the interaction of disinfectant and microorganism.
Temperature
In practice most disinfectants are used at normal 
room temperatures, or at blood heat, hence interest is confined 
to these temperatures. However it is important to be aware 
of the influence of temperature on disinfectant activity.
Warming lowers surface tension thus improving contact 
between organisms and disinfectant- and the activities of most 
disinfectants increase as the temperature increases. This is 
due not only to sui'face tension lowering but also to the 
speeding up of chemical reactions as the temperature rises,
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High température coefficients are said to be 
characteristic of reactions involving dénaturation or 
coagulation of proteins and particularly associated with 
oxidising reactions, whereas low coefficients are associated 
with reducing reactions. The higher the temperature 
coefficient of a substance, Che more its effectiveness will 
be increased by raising the temperature.
Organic material
Disinfectants are frequently expected to act in 
the presence of organic materials such as blood, pus, faeces, 
milk and food residues. All disinfectants are affected to a 
varying degree by the presence of organic matter and the 
influence of organic matter on the efficacy of a disinfectant 
is of practical importance. Reduced efficacy may result from 
two main types of action:^
(i) Agents which coagulate protein will coagulate the
organic material of pus, mucus and similar substances 
to form a coating surrounding the microorganisms.
Thus live microorganisms may be left inside the 
coagulated mass, protected from the disinfectant.
(ii) Many disinfectants combine as readily with extraneous 
organic materials as with vital organic complexes in 
the cell. If large amounts of organic material are 
present, these may take up or inactivate all or most 
of the disinfectant so that insufficient disinfectant 
is left free to kill the microorganisms.
Contact
For any disinfecting or sterilizing agent to be 
effective it must come into contact with the microorganisms 
to be killed. Contact is directly related to the presence of 
organic matter and surface tension, both of which have been 
described above. In addition, articles to be disinfected must 
be completely immersed in the disinfecting solution, or 
correctly packed for gaseous disinfection. Removal of air 
bubbles is essential when immersing in a liquid chemical 
disinfectant. Instruments which have been recently oiled 
cannot be disinfected by an aqueous solution of disinfectant 
and this also applies to objects lubricated by petrolatum or 
petroleum jelly. Glean, smooth instruments can be sterilized 
or disinfected in a shorter period of time than soiled, 
contaminated instruments that have crevices which may be 
difficult to penetrate,
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Time
The time necessary to disinfect is dependant on 
contact, concentration, penetration and other factors listed 
above. 
nH
The effect of pH can be two-fold:- 
(l) An effect on the molecule of the antimicrobial agent, 
(il) An effect on the cell sui'face.
In addition, pH can influence partitioning of a compound.
Acid solutions are more likely to be bactericidal 
if heated since heat tends to increase dissociation of acids. 
Bactericides that are anionic in character (e.g. organic 
acids, phenol) are more effective at low pH, Cationic 
bactericides tend to be inhibited by low pH and by anions 
and are more active at high pH (Frobisher and Fuerst, 1973), 
Russell (197U) has reviewed the literature on the effects of 
pH on antimicrobial compounds.
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1,3 CHEMICAL DISINFECTANTS
1,3.1 GENERAL APPLICATIONS AND USES
1.3.1.1 Indications for use
Disinfections rather than sterilization is attempted 
in circumstances in which sterility is unnecessary, or 
sterilising procedures are impracticable, yet there is still 
some value in obtaining a partial or complete removal of 
non-sporing microorganisms.
In many cases chemical, rather than physical 
disinfection is more practicable and liquid chemicals rather 
than gaseous are easier to handle. However, it is generally 
accepted that chemical agents should not be used when heat 
treatment is available, or when the objective is sterilization 
rather than disinfection. Indications for the use of chemical 
disinfectants are thus somewhat limited. The report of the 
Public Health Laboratory Service (1963) on the use of 
disinfectants in hospitals suggested four main indications 
for use:-
(i) treatment of skin and mucous membranes,
(ii) disinfection of instruments when physical methods 
cannot be used,
(iii) making potentially infected items safe for 
sub sequent handling,
(iv) decontamination of surfaces,
1.3.1.2 Applications
Chemical disinfectants are used in a wide range of 
places from industry to the home. In many industries the 
presence of microorganisms can cause considerable problems 
of deterioration of equipment and products, and for this 
reason must be kept at a minimum. Periodic disinfection of 
plant and equipment may be necessary. In certain places heat, 
especially in the form of hot water or steam can be applied 
but in many other instances chemicals must be relied upon.
The use of chlorine-containing disinfectants, especially 
hypochlorites, in the dairy industry is a good example of the 
industrial application of disinfectants.
In public buildings and schools the necessity of 
chemical disinfectants as opposed to thorough cleaning is 
questionable g although they may be of value in food preparation 
areas or in aiding the cleaning of toilet facilities,
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The home is another place where disinfectants are 
probably unnecessary except perhaps for the treatment of 
babies’ battles where hypochlorites and other chlorine- 
releasing compounds are need. The use of pine fluid 
disinfectants in the home is widespread, presumably because 
the smell creates an impression of freshness, but such 
products may be otherwise of little value.
In microbiology laboratories disinfectants are 
necessary for two particular purposes:-
(i) in discard jars for glassware, in order to render 
contaminated articles safe for subsequent cleaning,
(ii) for the decontamination of equipment before 
servicing or repair.
For these purposes either a hypochlorite solution 
or a clear soluble phenolic disinfectant is generally used.
Chemical disinfectants are widely used in hospitals 
for the following purposes:-
1,3«1 «2p1 Treatment of skin and mucous membranes
Antiseptics, or skin disinfectants, are necessary 
for pre-operative skin preparation, for the prevention of 
infection in open wounds and for sur‘gical scrubbing. In 
addition, liquid soaps which incorporate a disinfectant are 
becoming popular for genei'*al handwashing although bar soap 
is probably adequate in most cases (Lov/bury _et ad., 1975).
1.3.1.2.2 Disinfection of instruments when physical methods cannot be used
Until all surgical equipment is made with heat 
resistant materials, chemical disinfection will have to be 
accepted, but at present no liquid chemical disinfectant can 
be depended upon to sterilise.
1.3.1.2.3 Making potentially infected items safe for subsequent handling
One of the main s ites in which disinfectants are 
used for the decontamination of articles prior to cleaning 
and sterilisation, is in the microbiology laboratory for 
glassware. However, there are other places in the hospital 
where such a procedure may also be useful. For example, to 
cover the contents of bedpans from patients with gastrointestinal 
infections in order to reduce the formation of infective 
aerosols during disposal. A clear soluble phenolic is normally 
used in this situation,
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4 Decontamination of surfaces
In many instances surfaces require only cleaning 
but in special circumstances chemical disinfection may also 
be nece.3£5iry* For example, chemical disinfectants may be 
useful for floors soiled by incontinence or bedpan spillages 
and also floors and work surfaces in high risk sites such 
as operating theatres and intensive therapy units. Per 
these purposes clear soluble phenolic disinfectants are 
generally used. In food production areas a non-toxic 
disinfectant which leaves no undesirable flavovu* is required. 
Hypochlorites are thus generally used, but only for smooth, 
clean surfaces.
Baths are a possible source of cross infection 
and should be cleaned and possibly disinfected chemically 
after each patient (Lowbury ejt , 1975)» A cleaning powder 
(non-abrasive) containing chlorine-releasing agents, or liquid 
detergent followed by hypochlorite may be used.
Disinfectants are frequently used in places where 
they are unnecessary or are unable to function correctly*
For example liquid disinfectants are not recommended for damp 
dusting or for cleaning walls, ceilings or furniture except 
in exceptional circumstances since they can evaporate off the 
surface before having time to act. It is also unnecessary to 
pour disinfectants into lavatory pans (Newson, 1972) and they 
should not be used for treating lavatory brushes, mops and 
cloths, or poured into drains, waste pipes and overflows 
(Maurer, 1974).
1.3.1.3 Selection of a disinfectant
The term disinfectant should be restricted to 
substances which are rapidly bactericidal.
Successful disinfection depends on the selection of 
a disinfectant capable of performing the required task, and 
its careful use under appropriate conditions of concentration, 
exposure, temperature, pH and absence of neutralizing 
substances*
Whether or not a particular disinfectant will work 
will be largely dependant on the chemical group to which it 
belongs. For example, some disinfectant types, such as 
oxidising agents, are much more badly affected by the presence 
of organic matter than others. The different chemical groups 
of disinfectants will be considered in the next section (1,3.2),
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other factors to consider are cost, toxicity and 
corrosion. Corrosion and toxicity are of greatest importance 
in disinfectants intended for use on skin and mucous membranes. 
Chemical agents that are toxic for the cells of microorganisms 
may also be toxic fox’ human cells since chemically the cells 
are very similar * Whereas toxic or corrosive substances may 
be used to disinfect inanimate objects, care must be taken when 
choosing disinfectants to be used in or on living human tissues. 
If a strong disinfectant is used, not only will damage be done 
to the human tissues, but the resulting dead tissues then 
become an excellent medium for the growth of microorganisms. 
Information can be gained on the toxicity of disinfectants 
by combined in vitro-in vivo tests using tissue culture 
techniques and tests involving blood leucocytes. By combining 
these tests with normal bactericidal tests a ’toxicity index*
(a measure of the relative toxicities to body cells and to 
bacteria) can be obtained. Such an assessment is important 
for chemicals used in s urgical disinfection and in chemotherapy.
In order to avoid confusion over dilutions and 
usages, and to minimise cost, the number of different disin­
fectants used in an establishment should be kept as low as 
possible. In hospitals, the use of one phenolic disinfectant 
and one hypochlorite disinfectant is thought to be ample for 
environmental disinfection (Lowbury et al., 1975)»
1.3.2 TYPES OF DISINFECTANT; MODE OF ACTION AND SPECTRUMOF ACTIVITY
Chemical disinfectants belong to a wide range of 
chemical types and thus differ in their mode of action and 
spectrum of antimicrobial activity. In order to set a 
background to the use of alcohols and hypochlorites in the 
medical field the main groups will be considered briefly, in 
alphabetical order.
In contrast to lethal radiations, which damage 
the DNA, and to most chemotherapeutic agents, which interact 
Irreversibly with various active metabolic systems, most 
disinfectants act either by dissolving lipids from the cell 
membrane (detergents, lipid solvents) or by denaturing proteins 
(dénaturants, oxidants, alkylating agents, sulphydryl reagents).
1.3 » 2.1 Alcohols
See under solvents (1.3.2.10)
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1 c 3.2 o 2 Aldehydes |
Formaldehyde (HCHO) in solution (formalin) has 
a wide range of antimicrobial activity but is little used 
due to its highly irritant properties. Like ethylene oxide, 
it is an alkylating agent and as such acts by replacing the 
labile hydrogen atoms on amino (-NHpJ and. hydroxyl (-OH) 
groups, which are abundant in proteins and nucleic acids, 
and also on carboxyl (-COOH) and sulphydryl (-SH) groups in 
proteins *
Glutaraldehyde (0110(0112)2^^^) more widely
used than formaldehyde nowadays as it is much less irritant. 
However there have been instances of skin sensitisation in 
users, (Lowbury e_t , 1973 J Russell & Hopwood, 1976). 
Glutaraldehyde is used mainly for instrument disinfection 
but since, like formalin, it shows poor penetration of organic 
matter instruments should be cleaned thoroughly before 
disinfecting (Ross, 1966). It has a wide range of antimicrobial 
activity and bacterial spores are killed although several 
hours may be required. Doubt has been cast on the 
tuberculocidal activity of glutaraldehyde. For example 
Rubbo a3^ o (19 67) found two per cent glutaraldehyde to be 
less active against Mycobacterlurn tuberculosis than against 
spores of Bacillus anthracis and the tuberculocidal activity 
compared unfavourably with several other disinfectants. However, 
in contrast, Oollins and Montalbine (1976) found aqueous 
solutions of glutaraldehyde to be highly mycobactericidal.
The activity of glutaraldehyde is markedly pH 
dependant. Although concentrated solutions are considerably 
more stable in the acid state they have to be ’activated* to 
pH 8.0 ~ 8 .3  by the addition of sodium bicarbonate before use.
The mode of action of glutaraldehyde has been the 
subject of a number of studies. (Such as, Thomas and 
Russell, 1974; Munton & Russell, 1970; Thomas 1977). It is 
an alkylating agent, and the high sporicidal activity suggests 
that alkylation of nucleic acids may be more important in 
its biocidal action than changes in protein, constituents.
It does however also affect proteins of the cell membranes 
and cytoplasm, and treatment of vegetative cells can produce 
cells which are more resistant to mechanical disruption.
Similarly spheroplasts can be protected against lysis when 
the hyperosmotic suspending solution is diluted with water, 
by treatment with glutaraldehyde (Russell e_t al. 1973).
24
These changes are attributed to cross-linking and 
dénaturation of the proteins in the cell membranes. Similar 
effects have been noted with bacterial spore coats. For 
example, free amino groups on the siicf ace of B subtil is 
spores are blocked when glutaraldehyde reacts with the 
protein coat and low concentrations which are not sporicidal 
inhibit spore germination (Thomas and Russell, 1974).
The highly reactive nature of glutaraldehyde means 
that it could interact with any of several sites on or 
within the cell to bring about a lethal effect and the major 
site of action has not yet been clearly elucidated.
1.3-2.3 Ampholytes
These are a relatively new group of surface 
active agents composed of high molecular weight amino acids. 
They are amphoteric in nature, combining datergency in their 
anionic group with bactericidal activity in their cationic 
group. Information on the range of antimicrobial activity 
is not very extensive but Maurer (1974) stated that they have 
a poor range of activity and are seriously inactivated by 
organic materials* Like other surfactants they are 
bacteriostatic rather bacteriocidal. Their main use is in 
catering establishments*
1.3*2*4 Diguanides
Chlorhexidine ( l;6-di-4*'“ Chlorophsnylguanidinohexane) 
commercially known as ’'Hibitane” is widely used as a skin 
disinfectant* It is most effective against Gram positive 
bacteria and is seriously inactivated by hard water, soap 
and organic matter. Incidences of infection due to 
contamination of aqueous solutions of chlorhexidine by 
Gram negative organisms have been reported (For example 
Dowsett* 1972).
Acid fast bacilli and bacterial spores are not 
killed by chlorhexidine even in strong concentrations, and 
the mode of action against vegetative organisms is related 
to the binding of chlorhexidine molecules to the cell surface. 
This has been described at length by Longworth (1971).
1,3*2.3 Dyes
The triphenylmethane dyes and the acridine compounds 
have been used as antibacterial agents since World War I 
when they were used for treatment of wounds. However, they 
are rarely used as disinfectants nowadays since they are 
bacteriostatic rather than bactericidal and have the
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disadvantage of staining. Many are selective against 
Gram positive organisms and this is so pronounced in some 
cases rhat they are incorporated into media for diagnostic 
selective purposes. For example. Brilliant Green and 
G ry s t a1 Vi o1et *
Bacteriostasis is ‘brought about by their 
interference with the reproductive mechanism of the cell 
which prolongs the lag phase (Sykes, 1965).
Their value in chemotherapy has also decreased 
since the introduction of sulphonamides and antibiotics.
1.3*2*6 Halogens
See under Oxidising agents (1.3*2.11),
1.3.2.7 Heavy Metals
All of the heavy metals possess antimicrobial 
properties to some degree ‘but the outstandingly active ones 
are the salts and organic complexes of mercury, tin and 
silver. Like the dy^ es, these compounds have been very
popular in the past but are not now used as disinfectants.
Some still have uses as fungicides and as topical pharma­
cological agents but their cost and toxicity are two factors 
against them.
1*3*2.8 Phenolics
Phenol (carbolic acid) is an efficient bactericide 
in a one to two per cent aqueous solution and has occupied 
a prominent position in the field of disinfection since its 
discovery as a potential germicide by Lister in 1867*
Phenol is a detergent and a protein coagulant and 
its bactericidal action involves cell lysis. It is extremely 
corrosive to animal tissues and for this reason derivatives 
of phenol which are less corrosive have been developed and 
are now used as disinfectants.
Some of the earliest phenol derivatives were 
black and white phenolic fluids. They still have some use 
today (for example, white fluids are used for environmental 
disinfection in smallpox outbreaks, DHSS, 1975)» but have 
largely been replaced in the medical field by clear soluble 
phenolic disinfectants* These fluids, although more expensive, 
are more refined and thus have a less pungent odour and are 
less irritant.
26
Phenolics are not sporicidal, and not particular3.y 
virucidal although they are tuberculocidal and antifungal 
(Sykesj 1965), They can act either bactericidally or 
bactariostaticallyj depending upon the concentration, and 
many are surface tension reducers, tending to be adsorbed 
as thin films on surfaces to which they are applied. For 
this reason, and because of their toxicity and irritancy 
they cannot be used in food handling areas or as skin 
disinfectantSe
Phenolics are only slightly inactivated by 
organic matter and hard water and are generally more active 
when mixed with soaps, which increase their solubility and 
promote penetration. However, too high a proportion of 
soap impairs activity, probably by dissolving the disinfectant 
too completely in soap micelles.
The antibacterial activity of phenol is increased 
by halogen or alkyl substitution on the ring, which increases 
the polarity of the -OH group and makes the rest of the 
molecule more hydrophobic* The molecule thus becomes more 
surface active and its antibacterial potency may be increased 
one hundred-fold or more*
Halogenated bis-phsnols such as hexachlorophans 
are bacteriostatic in very low concentrations and hexachloro- 
phane has been used as a powerful antibacterial agent for 
more than twenty years. Its toxicity on oral administration 
precludes its use systemically but for topical application 
it has the advantages of maintaining its activity in the 
presence of soap, and of being much less irritant than pure 
phenol, although sensitivity dermatitis has been reported 
(Baker et , 1969)» However, since 1972 when warnings about 
absorption through intact skin arose (Annotation, 1972) its 
use has been restricted.
Chloroxylenol is a synthetic phenol sold under the 
trade name of Dettol. Dettol was introduced around 1930 in 
the pre-antibiotic era. Streptococcal infections were common 
occurrences at that time and Dettol was very effective against 
Gram positive bacteria (Colebrook and Maxted, 1933). Since 
it is far less effective against Gram negative bacteria, and 
because it is readily inactivated by hard water and organic 
materials its use has diminished.
Pine fluids which are widely used in the home are 
derivatives of phenols but their antimicrobial activity is
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poor and they are easily inactivated. They should not 
therdbre be used in hospitals (Maurer, 1974)*
1.3*2*3 'quaternary ammo ni um compounds
These are a group of cationic detergents with 
the general formula:
I j
in whichx.is a halide, sulphate or similar radical and 
- R^ each represent an alkyl, aralkyl or heterocyclic, 
radical. Those compounds with notable antimicrobial activity 
generally have three short chain alkyl groups and one: long 
chain allcyl group (in the range Bensalkonium
chloride contains a simple ring structure.
Quaternary ammonium compounds show greater activity 
against Gram positive than against Gram negative bacteria and 
they lack mycobactericidal and sporicidal activity. Viruses 
are generally more resistant than bacteria and fungi. They 
are bacteriostatic in very low concentrations but become 
bactericidal as the concentration is increased. They are 
good wetting agents at dilute concentrations but are badly 
inactivated by soap, organic matter and hard water*
The antimicrobial action of quaternary ammonium 
compounds may be due to disruption of the cell membrane which 
releases metabolites,or to enzyme inactivation. In addition, 
their detergent action may dissolve lipid films which may 
be protecting the bacteria.
Their use in hospitals is limited because of their 
narrow spectrum of activity although they are sometimes used 
for cleaning wounds. The most common examples are cetriraide 
and benzalkoniuni chloride,
1,3*.2d o  Solvents as disinfectants
The main organic solvents of importance in the 
field of disinfection are the alcohols. They are used mainly 
for skin and surface disinfection since they have little 
penetrating power in the presence of organic matter due to 
their coagulating action. Alcohols act as protein dénaturants 
and since this involves the participation of water they are 
ineffective when neat. Optimum concentrations are between 
30 and 90 per cent,
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The disinfectant activity of the aliphatic 
alcohol.? is generally considered to increase with chain 
length up to eight to ten carbon atoms, above which the 
water soluoility becomes too low. In addition, in terms 
of chain structure, activities in decreasing order are 
primary-normal, primary-iso, secondary, tertiary, thus 
normal propanol is more bactericidal than iso-propanol*
Tanner and Wilson (1943) found normal propanol to be the 
strongest bactericide of the water soluble alcohols. However, 
regarding chain length, Snipes et al. (1977) showed that 
a peak in virucidal activity occurred with saturated alcohols 
containing 10-14 carbon atoms. This applied only to lipid 
containing viruses.
The alcohols are bactericidal rather than 
bacteriostatic at their use dilutions and are fungicidal 
and mycobactericidal. They have no sporicidal activity, 
indeed there have been reports of spores surviving for up 
to 20 years in alcohols (Sykes, 1965) and ethanol has been 
used for the selective isolation of spore“forming micro­
organisms (Koransky qt 1978)* Alcohols can however 
be rendered sporicidal by the addition of other chemicals 
(section 1.5*2*13)» Since alcohol coagulates protein it 
may afford a measure of protection to viruses which are 
suspended in tissue or body fluid. Concentrations greater 
than 60 per cent are active against viruses but not rapidly 
so,
Ethanol (70-80 per cent), iso-propanol (50-60 
per cent) and methanol (70 per cent) are most commonly used 
in hospitals. Iso-propanol is perhaps most popular being- 
less volatile, slightly more potent and not subject to legal 
restrictions as a potential beverage.
Propylene and ethylene glycols are used both 
for air disinfection, in the aerosol form, and as virucidal 
agents.
Benzyl alcohol is used as a preservative and in 
common with the phenols mentioned earlier, halogénation 
enhances its bactericidal'properties. Chlorinated benzyl 
alcohols have been used as skin disinfectants ' "
(Sykes, 1965).
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other disinfectants such as chlorhexidine 
and iodine are frequently dissolved in alcohol, especially 
for use as skin disinfectants, since the alcohol can remove 
lipid layers which may protect skin organisms from the other 
disinfsccarrc. Some organic disinfectants however (such as 
phenol and formaldehyde) are less effective in alcohol than 
in water because of the lowered affinity of the disinfectant 
for the bacteria relative to the solvent*
Other organic solvents such as ether, benzene, 
acetone and chloroform may also kill bacteria but are not 
reliable disinfectants. Chloroform is sometimes used to 
kill plate cultures of vegetative bacteria and as a 
preservative of serum and bulk culture media*
1.3»2« 11 Oxidising agents as disinfectants
Oxidising agents, which include the halogens, 
hydrogen peroxide, the permanganates and peracetic acid, 
depend for their antimicrobial activity on their intense 
reactivity with proteins and similar substances. The 
mechanisms are various and irreversible but they all have 
the effect of destroying the basic molecular structure of 
the proteins (Sykes, 1965). For this reason they are 
bactericidal in their action rather than bacteriostatic.
They are thus also highly reactive with organic matter which 
tends to reduce their germicidal powers.
Halogens
Three of the halogens (chlorine, iodine and bromine) 
are among the best bactericidal agents known. Their activity 
may not be due only to their oxidative power since they are 
more potent bactericides than hydrogen peroxide, or potassium 
permanganate which produce nascent oxygen (Gardner, 1977), 
Bromine is rarely used as a disinfectant because it is strongly 
irritant, toxic and unpleasant to handle. It has no 
advantages over chlorine as a disinfectant *
Chlorine, as chlorinated lime ( calcibim hypochlorite) 
was introduced as an antiseptic to prevent transmission of 
puerperal fever in Boston by O.W,Holmes in 1835, and in 
Vienna by Semmelweis in 1847» Prior to this in 1791s chlorine 
gas v/as employed as a fumigant in hospitals. Chlorine 
compounds have been used as disinfectants ever since in the 
form of hypochlorites, chlorine gas, inorganic chloramines 
and organic chlorine.—releasing compounds.
Hypochlorites
Hypochlorites are the most reactive of the chlorine 
compounds. They are rapid in action, cheap, compatible with 
anionic and non-ionic detergents and have a wide spectrum 
of antimicrobial activity* They usually have poor wetting 
power and the addition of a compatible detergent may 
therefore be necessary.
In solution, hypochlorites are hydrolysed to 
Aypochlorous acid (HOCl) as shown by the equation:-
NaOGl + HgO  > HOCl + NaOH
Hypochlorous acid is a strong oxidising agent 
and in its undissociated form is highly bactericidal. The 
mode of action of hypochlorous acid has not been fully- 
elucidated but chlorination and oxidation of proteins are 
thought to be involved. The small size of the hypochlorous 
acid molecule and its electrical neutrality probably enable 
it to pass readily through the bacterial cell wall to the 
enzyme sites and by oxidation of the -SH and S~S groups to 
cause rapid destruction of the cell. Viruses are inactivated 
by the oxidation of the amino acid tyrosine situated in the 
external protein coat of the virus structure.
Hypochlorites are generally considered to be the 
best choice of disinfectant where viruses are thought to 
be present, but if large amounts of blood or otherorganic 
materials are also present, excess hypochlorite is necessary 
to allow for inactivation of some of the hypochlorite.
Tonabe and Hotta (1976) and Stagg ^  al. (1977) have s hown 
that increased concentration or increased time of contact 
are necessary for inactivation of crude compared with purified 
virus and clay associated compared with freely suspended 
bacteriophages respectively.
Hypochlorites are also fungicidal and sporicidal 
and are therefore one of the few potential liquid chemical 
Bterilants, The mode of action against spores will be 
considered later (1.5.2*4)
The antimicrobial activity of hypochlorites is 
markedly affected by pH and many studies have been made of j
the effect of pH on activity (for example Rudolph and 
Levine (1941); Brazis et al. (1958); Cousins and Allan (1967); 
Puscoe (1976), This is because hypochlorous acid dissociates 
according to the equation: HOCl —^ d H"^  + 001“
SI
The degree of dissociation is dependant on 
pH; and the relative bactericidal effectiveness of HOCl to 
001“ is of the order of 100 to 1 (Brazis ^  1958).
The stability of hypochlorite solutions is 
affected by temperature, concentration and pH, of which pH 
is the most important* Acid solutions are the least stable 
and for this reason, hypochlorite solutions usually contain 
an excess of alkali.
One of the main disadvantages of hypochlorites as 
disinfectants is their corrosive action. They should 
therefore be used with care on metal instruments and contact 
of concentrated solutions with skin and mucous membranes 
should be avoided.
The effect of hard water on hypochlorites is 
minimal compared with many other disinfectants.
Inorganic chloram.ines
These are formed by the direct reaction of 
chlorine with ammonia. Their particular value lies in the 
fact that they are more stable and have a more sustained 
antimicrobial activity than free chlorines or the hypochlorites. 
They are used almost exclusively for the treatment of water 
and sewage. Higher concentrations of the chloramines than 
of the hypochlorites are necessary to obtain the same rates 
of kill, and bromamines are better baoteriologically than 
chloramines.
Organic chlorine-releasing compounds
These are more complex compounds than the inorganic ■ 
chloramines but their advantage is that they release their 
chlorine less readily and so exert a more prolonged 
bactericidal effect. They are also less irritant.
Both the inorganic chloramines and the organic 
chlorine releasing compounds are more expensive than the ' 
hypochlorites and neither are very suitable for surgical 
instrument disinfection. Their major uses are in water 
sanitation.
Iodine
Iodine is a solid at normal room temperatures and 
is only slightly soluble in water. It is readily soluble in 
alcohol and for this reason, a one per cent, solution in 
70 per cent, alcohol has commonly been used for skin disinfection. 
However skin allergies sometimes occur and staining of the 
skin is also a problem,
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Like other oxidising agents iodine combines 
readily witri any organic material ana is therefore 
inactivated by it* It is a more effective germicide at 
low than at high pH but is less affected by changes in 
pH than ch1orine *
Iodine complexes spontaneously with detergents 
to form iodophors which provide a readily available reservoir 
of bound iodine in equilibrium with free iodine at an 
effective but non-irritating concentration (Davis et 1973)» 
Iodophors are now more widely used than alcoholic iodine 
solutions as skin disinfectants, and they are also much 
better surface disinfectants than alcoholic iodine.
Iodophors are generally too expensive to be used as 
environmental disinfectants but they are the only antiseptics 
which have useful sporicidal activity, (chlorine is rarely 
used as an antiseptic) and they are therefore invaluable for 
skin disinfection.
Other oxidising agents
Hydrogen peroxide in a three per cent, solution was 
once widely used as an antiseptic but it cannot be strongly 
recommended since bacteria vary widely in their susceptibility* 
This is due to the production of catalase by some species. 
Hydrogen peroxide does however possess some sporicidal activity 
and this has been reviewed by Von Bocklemann and Von 
Bocklemann (1972). Lov/bury ejL Si* (1975) recommend the use 
of hydrogen peroxide for the disinfection of respiratory 
ventilators.
Potassium permanganate is another oxidising agent 
which is rarely used nowadays but previously was used as an 
antiseptic in concentrations of 1:1000.
Peracetic acid (CH^GO-G-OIi) is a strong oxidising 
,agent which, as a vapour is used for the sterilization of 
chambers for germ free animals* Its reliable disinfecting 
action in this situation compensates for the inconveniently 
long flushing out time which is required as it is toxic 
to animals. Peracetic acid may also be used as a liquid 
(40 per cent, solution),
.3»2el2 Sporicidal disinfectants
Since bacterial spores are the most difficult 
microorganisms to destroy, chemicals which show sporicidal 
activity could be considered to be potential sterilizing 
agents* Borick (1968) stated that chemical sterilizers may
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be defined as chemical agents which, when utilised properly, 
can destroy all forms of microbiological life including 
bacterial and fungal spores, tubercle bacilli and viruses.
The words '’when utilised properly” are of fundamental 
importance if sterilization is to be achieved since there 
are numerous factors (section l»2*4.o) which can adversely 
affect activity, Borick (I9 6 8) pointed out the particular 
problem of air bubbles in tubular instruments. By preventing 
contact between disinfectant and instrument, air bubbles 
can effectively prevent sterilisation or even disinfection.
It is for such reasons that there is reluctance in calling 
liquid chemicals sterilants even when laboratory tests have 
demonstrated the ability to kill spores.
Of all the liquid chemical disinfectants described 
in the previous sections, only a few are reliably sporicidal. 
Some particularly sensitive spores may be killed by almost 
any disinfectant but it is only the halogens and the aldehydes 
which are generally considered to be sporicidal.
Iodine and the iodophors are the only antiseptics 
with good sporicidal activity but because of their cost and 
tendency to stain they are rarely used as environmental 
disinfectants, Mosely ejb al, (1976)» Cousins and Allan (1967) 
and others have compared the sporicidal activity of chlorine 
and iodine compounds and have shown that hypochlorites are 
among the most effective and cheapest sporicides.
Although the aldehydes possess sporicidal activity, 
periods of several hours exposure are required to achieve 
the same effect as less than one hour exposui^e to sodium 
hypochlorite. However they have the advantage of being less 
corrosive, Glutaraldehyde buffered to an alkaline pH (such 
as Cidex) is frequently used for treatment of instruments,but 
Kelsey e_t ad, (1974) showed that to be effective against spores 
.it must be freshly activated and instruments should be 
immersed for at least three hours, Kelsey et al, (1974) also 
showed that iodophors were much inferior to hypochlorites and 
that formalin had little activity.
The mode of action of sporicidal disinfectants 
against spores will be considered in section 1,5»
1 ,3 ,2 ,1 3 Mixtures of chemicals as disinfectants 
Miscellaneous mixtures
There have been many reports of mixtures of chemicals 
which have disinfectant activity but few have become widely 
accepted,
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quaternary ammonium compounds have frequently 
been added to other disinfectants in order to increase 
datergency but disinfectant activity is not necessarily 
potentiated; and in such mixtures the disinfectant 
concentration is frequently reduced. For example, 'Savlon* 
is a mixture of chlorhexidine (a diguanide) with cetriniide 
(a quaternary ammonium compound) which contains 1.5 per cent, 
of the active antibacterial component; chlorhexidine. This 
hospital concentrate is usually diluted l/lOO for cleaning 
procedures thus reducing the chlorhexidine to an ineffective 
concentration, (Lowbury et al* 1975)» ’Resiguard’ is 
another example of a mixture of a diguanide (picloxydins) 
and quaternary ammonium compound (benzalkonium chloride),
A mixture of aldehydes plus quaternary ammonium 
compounds has recently been marketed as 'Tegodor' and although 
expensive has the advantage of detergency plus sporicidal 
activity. However, long contact periods are required for 
sporicidal activity*
Lysol is a mixture of cresols with soap which used 
to be very popular for use in laboratory discard jars. It 
is however very corrosive and mixtures of more refined phenols 
known as the clear soluble phenolics have now largely replaced 
it.
Alcohols with other chemicals
Alcohols are frequently used as diluents for 
disinfectants such as iodine, and chlorhexidine, for skin 
disinfection (section 1*5,2,10). Furthermore alcohol is 
often added to certain disinfectants to prevent contamination 
by Gram negative bacteria*
However, in the context of this thesis it is the 
potentiation of the alcohol activity by the addition of other 
chemicals which is of interest, Coulthard and Sykes (1956) 
showed that alcohols (methyl, ethyl and iso-propyl) could 
be rendered sporicidal by the addition of one per cent, 
mineral acid or caustic alkali or by the addition of ten per 
cent, amyl-m-'Cresol and Smith and Pflug (1971) demonstrated 
sporicidal activity when alcohols were heated. The latter 
phenomenon was associated with increased water activity,
Hyatt and Levinson (1968) showed that aqueous ethanol could 
activate germination of Bacillus megaterium spores and 
postulated that the ethanol altered the structure of liquid 
water, permitting it, like water vapour to reach and hydrate
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a specific critical spore site, thus resulting in 
activation.
Sykes (l9o5) described a formaldehyde/alcohol 
mixture which was a more effective sterilizing agent than 
a plain aqueous solution of formaldehyde hut even so 
contact periods of up to 24 hours were required.
Pepper & Chandler (1965) showed that a mixture containing 
glutaraldehyde and isopropyl alcohol sterilized stainless 
steel penicyliadsrs contaminated with standarised numbers 
of four spore types in a sliortsr time than did commercially 
available formaldehyde solution but nevertheless three hours 
were required,
Kelsey et (1974) looked at the activity 
of various disinfectants^ against spores suspended in methanol 
(90 per cent) compared with spores suspended in water. Spores 
in methanol were more easily killed.
There are therefore many examples of the potentiation 
of activity of alcohols although none have been widely applied, 
Althougli examples of alcohols being rendered sporicidal have 
often been reported, in most cases it is merely the fact 
that the alcohol has been mixed with an agent which is 
sporicidal in its own right, but has had its activity 
potentiated by the alcohol, Borick and Pepper (1970) 
suggested that potentiation is due to the solvent aiding 
chemical transport to the critical spore site whilst activation 
of germination of the spores, followed by subsequent increased 
susceptibility to the other disinfectant is another possible 
explanation.
Hypochlorites with other chemicals
Solutions of sodium and calcium hypochlorite, 
especially when buffered to low pH are very good 
disinfectants. Their only disadvantages are corrosiveness, 
lack of wetting power and inactivation by organic materials*
Few attempts have therefore been made to enhance their 
bactericidal activity other than buffering to an appropriate 
pH. However potentiation of sporicidal activity has been 
demonstrated by the addition of various agents;-
Weber and Levine (1944) showed that the addition 
of six p.p.m, of ammonia to 25 p.p.m. available chlorine 
potentiated the activity of the chlorine whilst Cousins and 
Allan (1967) found that mixtures of 1,5-4.0 per cent, sodium 
hydroxide with sodium hypochlorite (200 p.p.m. av. 01) were
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much more rapidly sporicidal than either the sodium 
hydroxide or sodium hypochlorite (at pH 9 or above) alone.
No explanations were given*
nothsI• interas11 ng exampla of pots.a11 ation of 
activity of hypochlorites is that of the addition of sodium 
or- potassium bromide* Trueman (1971) added sodium bromide 
to sodium hypochlorite and showed an increase in activity 
which he attributed to the greater reactivity of hypobx'omous 
acid compared with hypochlorous acid* However, such a 
mixture was very unstable, bromine being liberated, so that 
the advantages could not be utilised in liquid products.
However, hypochlorite plus hypobromite powders such as 
Septonite and Diversol BX are used in hospitals for cleaning 
baths and sinks* Although expensive, solutions of the powders 
(0*5-leO per cent.) in water have the advantage of being 
non-corrosive* Shere ejt (I962) described two products,
one organic and the other inorganic, which produced mixtures 
of hypobromite and hypochlorite in solution and showed that 
mixtures containing the same ”total available halogen” 
possessed a considerably greater germicidal action than 
the same total available chlorine from hypochlorite alone.
As they have poor wetting power, compatible 
detergents (anionic or non-ionic) are sometimes added to 
hypochlorite solutions in order to increase their activity.
Cerf £t (1 973) showed that sporicidal activity could be
appreciably increased by the addition of surfactants to 
sodium hypochlorite at pH 7*0» Domestos is an example of 
a hypochlorite with incorporated detergent,
Daklns solution B.P, is a mixture of calcium 
hypochlorite, sodium carbonate and boric acid with an 
available chlorine content of 0,5-0.55 per cent* The |
advantage of such a mixture is its lack of irritancy and ' j
'increased stability and it is intended exclusively for jIsurgical purposes* j
Alcohols + hypochlorites i
Following the study of the sporical activity of j
hospital disinfectants, Kelsey et ad, (1974) suggested the use j
of a mixture of methanol and hypochlorite for the decontamination; 
of clean, heat sensitive surgical instruments* The period ;
for which this mixture retained its activity was not reported, •
and the effect of changing the alcohol or the pH, Inactivation ‘
by organic matter,and many other parameters, was not investigated)
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1*3.3 SITUATIONS I.N WHICH ALCOHOLS AND HYPOCHLORITESARE USED
Hypochlorites and alcohols are two of the most 
rapid acting disinfectants (Maurer, 1974)» They are 
therefore used especially in situations where speed of 
action is necessary*
1 = 3 * 3 -1 Hypochlorites
Hypochlorites are used in a wide range of situations
in very weak to very strong concentrations * The weakest 
solutions are used in water supplies and swimming pools; 
only one to three p.p.m. av.Gl. is usually present*
However if an unusually large amount of organic matter 
is present the available chlorine concentration may need to 
be increased. Rook (1974) has reported the formation of 
haloforms during chlorination of natural waters and as these 
may produce physiologically undesirable effects in people 
who subsequently drink the water the use of chlorine may be 
reassessed. Bywater and. Kellett (1977) found that 10-20 p.p.m. 
av.Gl. were necessary for the adequate treatment of mouse 
drinking water which was changed only every seven days, and 
the mice accepted 20 p.p.m.
Concentrations of 60-80 p.p.m. av.Gl. are used for 
the rinsing of fruit and vegetables after washing and before 
eating raw, and also for rinsing food and drinking utensils 
(after washing) in restaurants and public houses (Hobbs, 1 968). 
Van Engel and Boyer (1961) recommendedhypochlorlte in 
preference to other chlorine compounds or quaternary ammonium 
compounds for the sanitization of beer glasses because the 
glasses are immersed for only a very short time and speed 
of action is therefore important. Marshall ^t (1977) 
conducted experiments into the sanitization of beef with 
sodium hypochlorite, but normally it is only fresh fruit 
■and vegetables which are treated in this way.
Weak solutions (approximately 200 p.p.m.) are 
used for the sanitization of clean surfaces in the food and 
dairy industry and in restuarants, but t hey should not be 
used on metal surfaces due to the danger of corrosion. Babies 
bottles are usually treated with approximately 123 p.p.m. 
and in the hospital such items as babies incubators, cradles, 
mattress covers, rubber Meeting and urinals can be treated 
with weak hypochlorite solutions.
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Medium strength solutions containing approximately 
500 p.p.m, are used for cleaning baths in hospitals but in 
this case a compatible detergent is usually incorporated. 
Boycott (1956) described the use of 'Obloros* plus detergent 
in hot water and found that with such a mixture preliminary 
cleaning was unnecessary unless the bath was grossly dirty.
When items are soiled with organic material, other 
than blood, a strong hypochlorite solution (1,000 p.p.m.) 
can be used. Such solutions are therefore used for soiled 
rubber sheeting and in laboratory discard jars, unless a 
lot of organic material is to be discarded when a clear 
soluble phenolic should be used. Phenolic solutions should 
not be used with rubber. If blood is present an extra strong 
solution of 10,000 p.p.m-. is usually used partly because of 
the risk of the presence of hepatitis B virus.
A very important use of hypochlorites is in the 
dairy industry where they are used in the cleaning water 
for purposes such as washing cows udders before milking, 
rinsing the udders after milking to control mastitis, cleaning 
dairy equipment and in the final rinse water for equipment 
(Cousins, 1 977). For controlling mastitis the commonest 
disinfectants used are hypochlorites (40,000 p.p.m. av.Gl.) 
and iodophors (5,000 p.p.m. available iodine) and King ejb al. 
(1977) have described the addition of lanolin to the 
hypochlorite to reduce skin damage. Skin damage actually 
depends on the caustic alkalinity of the hypochlorite 
solution rather than the available chlorine concentration.
For the actual cleaning of equipment before the final chlorine 
rinse a detergent-disinfectant is used and many of these 
incorporate hypochlorite or other chlorine-releasing compounds.
Other miscellaneous uses of hypochlorites as 
disinfectants include treatment of sewage (in the U.S.A.), 
wound irrigation with Dakins solution (section 1.3.2.13), 
treatment of cooling water for canned foods (Odlaug and Pflug, 
1976), sterilization of gutta-percha cones (Senia _et al.. 1975) 
and treatment of water in a Water-Weight bag (Knappett and 
Jacques, 1977)*
Hypochlorites are thus used in a wide range of 
situations. They are very versatile as disinfectants their 
only defects being their corrosive properties and their 
inactivation by organic materials. However, inactivation by 
other materials is slight and hy use of higher concentrations,
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organic matter inactivation can be overcome still leaving 
chlorine available for d. isinfection.
1.3,3,2 Alcohols
Alcohols have a much more limited range of use 
than hypochlorites. This is almost certainly due to the 
fact that they are not sporicidal, and their penetrability 
into organic materials is poor. As previously described 
(1.3.2.10) their main use is in the field of skin disinfection 
but they are also useful for the disinfection of clean, hard 
surfaces such as work surfaces and trolley tops. Ethanol and 
iso-propanol are the alcohols most commonly used in hospitals, 
with iso-propanol being the one preferred for use on the skin, 
Alcohol is not recommended for instrument sterilization, for 
the reasons stated above, but it is effectively used for the 
disinfection of clinical thermometers which have previously 
been cleaned.
Aerosols of alcohols are occasionally used for 
the disinfection of lung ventilators and solutions are used 
for detachable electric razor heads and shaving brushes,
A great advantage here is that the surfaces are left dry 
after use due to the rapid evaporation rate. Alcohols are 
also useful for cleaning the lenses of certain optical 
instruments such as the operating microscope, since they 
leave no deposit on the glass.
In the field of food and pharmaceutical preservation 
the more complex alcohols are used. Benzyl alcohol, dichloro- 
benzyl alcohol, phenyl ethyl alcohol and B-phenoxy-ethyl 
alcohol are all common preservatives.
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1*4 DISINFECTANT TESTING
1.4.1 HISTORY
Many disinfectant tests have been devised and 
have subsequently been criticised. This is because there 
are numerous factors which must be considered if a test is 
to have relevance to the practical situation for which the 
disinfectant is intended.
Robert Koch was the pioneer in the field of 
disinfectant testing. In 1881 he impregnated silk threads 
with anthrax spores and tried to kill them with phenol.
However the first attempts in Britain to design a method of 
disinfectant testing were made during the early years of the 
century by Rideal and Walker who were followed soon after by 
Chick and Martin (1908), These tests have both been re­
published as British Standards (1934; 1938) and are still in 
use throughout the world today. They are "phenol-coefficient” 
tests. Hugo (1970) has reveiwed early studies in the 
evaluation of disinfectants.
In the last 40 years numerous tests have been 
developed which fall mainly into two groups; suspension tests 
and surface tests. They have all been designed with the aim 
of improving certain aspects of testing and will be discussed 
under test techniques (1.4*3)*
1.4.2 PRINCIPn^ OF TEHTING
1.4*2*1 Choice of test organism and its cultural conditions 
When choosing organisms for use in a disinfectant 
test attention should first be given to the purpose for which 
the disinfectants are required and the type of organisms which 
they might reasonably be expected to encounter. Obviously, if 
a disinfectant is required to kill bacterial spores then these 
must be used in any test. It is generally considered to be 
best to use more than one test organism in order to get some 
idea of the spectrum of activity of the disinfectant. For 
example, a Gram positive coccus and a Gram negative bacillus 
could be chosen.
Frequently one or more of the established disinfectant 
test strains held by a national culture collection could be 
the best choice, although in particular circumstances a 
recently isolated particularly resistant organism may be more 
relevant. When an organism has been chosen for a particular 
test, a freeze-dried stock culture should be kept for future
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use since continuous subculture of the organism may cause 
a change in its resistance. If this happens a fresh culture 
can be obtained from the freeze-dried sample* Monitoring of 
resistance of the test organism is thus important and can 
be done by use of a standard concentration of disinfectant.
The conditions of daily maintenance of cultures 
can greatly affect the results of any disinfectant test, thus 
conditions of incubation temperature and time, and maintenance 
medium should be standardised. For this reason, spores are 
easier to handle and maintain than vegetative organisms as 
daily serial transfers are eliminated.
Chick and Martin (19O8 ) realised the importance 
of the culture medium to the resistance of the organism and 
this was further investigated by Wright (1917) who thought 
that variations in the culture medium were the cause of the 
majority of the discrepancies obtained in the bacteriological 
examination of disinfectants. The problem of standardisation 
of the culture medium is more easily achieved nowadays, than 
it was in the early days, by the use of chemically defined 
synthetic media such as that described by Wright and Mundy 
(i960),
The age of the culture also affects its resistance; 
young actively growing cultures are more susceptible than 
stationary phase cultures (Cook, 1967). The number of 
subcultures which an organism has undergone before testing 
might also affect its resistance but Mitchell (1963) found 
no consistent trend in change of resistance between one and 
eleven subcultures,
1*4*2.2 Number of organisms in the test
A standard number of organisms is more easily- 
achieved with spores than with vegetative cells. However, 
•overnight cultures of vegetative cells are generally used 
and these may be resuspended i n a greater or lesser volume 
of diluent in order to achieve the required number of organisms, 
A viable count should be carried out so that the actual number 
of organisms exposed to the disinfectant is known.
Considerations should be given to choice of diluent. If 
the inoculum is left in its growth medium, an unknown quantity 
of organic materials will be added to the disinfectant which 
may affect its activity. Cells can therefore be resuspended 
in quarter strength Ringer’s solution, water, saline or other
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diluent but the diluent may affect the susceptibility of 
the organism and must therefore be standardised.
Commonly about 10^ vegetative organisms per ml 
are used in disinfectant tests and, in general, the fewer 
the' number of organisms present in a test the less time that 
will be requred for the disinfectant to work. Mitchell (1963) 
found this to be true for Staphylococcus aureus which had 
a tendency to clump when present in large numbers but hot 
for Escherichia coli and Pseudomonas aeruginosa.
1.4»2o3 Exposure time
This must be relevant to the situation under which 
the disinfectant will be required to act. In many cases 
disinfectants are only in contact with the article to be 
disinfected for a short period of time before being washed 
away or drying up. In such cases a test which employs a 
30 minute exposure time has no relevance. In circumstances 
where an instrument, for example, is to be soaked in 
disinfectant for several hours then a longer exposure time 
in the test is acceptable,
1.4.2.4 Disinfectant diluent
Disinfectants are frequently diluted in tap water 
before use. The tap water may be very hard and thus cause 
some inactivation of the disinfectant. When testing, 
disinfectants should not therefore be diluted in distilled 
water but preferably in standard hard water (Materials & 
Methods, section 2.2.3(e)) so that comparisons between tests 
can be made. Disinfectants which are designed to be diluted 
in alcohol for use should of course be diluted in alcohol for 
testing, although it may be the alcohol which exerts most of 
the disinfectant activity.
1.4 * 2.3 Temperature
Disinfectants are usually used at room temperature. 
An appropriate fixed temperature should therefore be chosen 
for testing. Chick and Martin (19O8) chose 20^0 and this is 
frequently used today since it approximates the conditions 
of practical disinfection. Disinfectants are generally more 
active at higher temperatures (section 1.2.4*3.3).
1 ,4 .2.6 Accessibility
In order to be able to work, disinfectants must have
intimate contact with the organisms which are to be killed,
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In a disinfectant test it is very difficult to simulate 
crevices and irregularities which may he present in complex 
instruments, hut surface wetting ability can be investigated 
by surface tests, and the addition of organic matter to 
suspension tests can simulate dirty conditions„
The presence of organic matter may affect 
disinfectant activity in two ways:- (i) 3y reacting with 
and thus inactivating the disinfectant and (ii) by forming 
a protective layer around the microorganism. The mode of 
addition of organic matter in a disinfectant test must 
therefore be considered. Different results may be obtained 
depending on whether organic matter and organisms are mixed 
and then disinfectant added, or whether organic matter and 
disinfectant are mixed and then organisms added. In the first 
of these situations the degree of protection of the organism 
by the organic matter can be studied whilst the second case 
is assessing the degree of neutralization of the disinfectant 
by the organic matter and the amount of disinfectant left 
available to kill organisms at a later stage.
Chick and Martin (1908) used faeces as the organic 
matter in their original test but this was later changed by 
Garrod (1935) who replaced them with yeast which had a more 
defined chemical composition and could be standardised. Since 
then various materials have been employed according to the 
situation for which the disinfectant was intended. For 
example skimmed milk may be used in dairy disinfectant tests 
and serum or blood for hospital disinfectants. It is 
important to remember that organic material may be present 
in solution or as suspended matter and these may have 
different effects on the disinfectant, A test should therefore 
ideally empDqy both types of organic material. Cook (1967) 
stressed the importance of the nature of the organic matter 
used in testing by pointing out that it may take a considerable 
time for a disinfectant to diffuse through to the centre of 
a hard blood clot, or mass of clay on a farmers boot, and 
unless a surfactant or detergent is included in the 
disinfectant formulation it may never penetrate below an oily 
skin on a hard surface,
led.2 ,7 Inactivation of antibacterial agents
The subject of neutralization or inactivation of 
disinfectants at the end of the test period has occupied a 
large section of the literature on disinfectant testing.
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Many false claims as to the bactericidal efficiency of 
different substances have been made due to the failure to 
appreciate that there may be a possible carryover of a 
bacteriostatic concentration of disinfectant when subculturing 
from a disinfectant/bacteria mixture into the recovery 
medium.
The three most commonly used methods of removing 
the antibacterial agent from the environment of the surviving 
bacteria are chemical inactivation, dilution and membrane 
filtration,
1,i}-.2,7• d Chemical inactivation
A chemical inactivating agent is used to overcome 
the inhibitory substance with which it either combines or 
which it breaks down. The inactivating agent should be 
non-toxic to the test organism and should be rapidly and 
completely effective, at the concentration used, in 
inactivating the inhibitor. In addition, the product resulting 
from the inactivation should have no deleterious effect on 
bacterial multiplication, A method for testing inactivators 
is described by the British Standards Institution (I960),
It would be convenient if, for a particular test, 
the same chemical inactivator could be used for all the 
disinfectants which were to be tested. However this is 
rarely possible, Maurer (197^0 stated that nutrient broth 
is suitable for alcohols, aldehydes, hypochlorites and phenolics 
whilst the inclusion of Tween 80 in the broth makes it 
suitable for diguanides, hypochlorites with detergents, 
iodophors, phenolics with detergents and quaternary ammonium 
compounds. However it must be appreciated that further 
dilution may also be required for some of these products.
There is frequently much controversy about which 
inactivators are best for a particular disinfectant and 
'whether or not the inactivator is in itself inhibitory to 
the test organism, MacKinnon (1974) described several 
different examples of inhibition by inactivators.
Many authors are agreed that sodium thiosulphate 
is the best inactivator for chlorine containing disinfectants 
although the concentrations which have been used vary from 
0.1-1.0 per cent. This partly depended on the concentration 
of chlorine under test. (Mudge and Smith, 1935; Weber and 
Levine, 19UU; Mitchell, 1963; Cousins and Allan, 1967),
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Although nutrient broth alone may be adequate for 
neutralization of chlorine, sodium thiosulphate has a 
defined composition and the exact amount required can be 
calculated, Trueman (1971) showed that one ml of 0.05 per 
cent.sodium thiosulphate will neutralize one ml of a solution 
containing 70 p.p.m. available chlorine. However, there have 
been reports of inhibition of survivors by the use of sodium 
thiosulphate, (Kelsey et ad. 1974; MacKinnon, 1974). The 
reaction between thiosulphate and hypochlorites results in 
the formation of sulphites which, in high concentrations, 
may be inhibitory to micro-organisms.
Some authors (for example Mudge and Smith, 1935) 
have added the sodium thiosulphate to the recovery plates but 
in general it is used in' aqueous solution. Ten per cent, 
serum has also been recommended for inactivation of chlorine 
containing compounds but, like nutrient broth, it is difficult 
to standardize.
Polysorbate (Tween) 80 or 20 is usually recommended 
for disinfectants which have detergent properties (Maurer,
1974) and also for hexachlorophane (Jarvis, i9 60).
Traditionally sodium bisulphite has been used as 
inactivator for disinfectants containing aldehydes (for 
example Rubbo _et aj.. 1967; Ross, 1966) but this has been 
challenged by several authors (Munton and Russell, 1970; 
MacKinnon, 1974; Collins and Montalbine, 1976). Thiogly- 
Gollate has also been used to inactivate glutaraldehyde 
(Rittenbury and Hench, 1965) although this v/as traditionally 
used for inactivation of disinfectants containing mercuric 
salts.
1 .4 .2.7*2 Dilution
The purpose of dilution is to dilute the 
■antibacterial substance to a level at which it ceases to 
have a growth inhibitory effect. It is recommended for phenolic 
and alcohol containing disinfectants (Rubbo and Gardner, 1965) 
and also for glutaraldehyde by some authors who have found 
sodium bisulphite to be inhibitory (section 1.4.2.7*1),
However Tilley (1948) challenged the fact that dilution was 
sufficient for phenol.
The disadvantages of dilution are that only free 
disinfectant and not that already bound to the cell surface 
can be diluted out, and any surviving organisms are also
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diluted outo Dilution can rarely cause immediate and 
complete cessation of antibacterial activity.
1.4.2 .7 ,3  Membrane filtration
Membrane filtration is especially useful when 
very low numbers of survivors are present since a large 
volume of sample can be filtered and no dilution factor 
is involved. The disinfectant is removed by filtering the 
disinfectant/bacteria suspension using a membrane which 
will retain the bacteria on its surface and allow the 
disinfectant to pass through. Any remaining traces of 
disinfectant can theoretically be removed by passing sterile, 
inert diluent such as distilled water or quarter strength 
Ringer*8 solution through the membrane,although a chemical 
inactivator may also be passed if it is thought to be 
necessary. The membrane filter can then be cultured on a 
solid or in a liquid recovery medium,.
Some disinfectants, however, may be adsorbed onto 
the membrane and continue to exert an inhibitory action.
In such instances another inactivation method must be used, 
Snyder and Ghsatle (1965), Miner et (1977), 
and others have used membrane filtration when testing 
disinfectants containing glutaraldehyde.
1 .4 *2.8 Recovery conditions
After removing the test organism from the 
disinfectant there is frequently a need for further dilution, 
especially if a quantitative assessment of survivors is to 
be carried out. Care must be taken in choosing a suitable 
diluent and comparisons of several should be.made in order 
to find one which causes as little loss of viability as 
possible. Jayne-Williams (1963) underlined the dangers of 
using so-called * inert* diluents such as water, saline and 
-Ringer’s solution which may serve to kill already damaged 
organismsc
Recovery may also be affected according to whether 
solid or liquid media are used for subculture. In spite 
of the fact that subculture into liquid can give only a 
qualitative result, Sykes (19&5) considered this to be 
preferable to the use of a pour-plate technique since the 
shock of a temperature of 40^0 or more may be sufficient to 
kill damaged organisms. However, if a surface plating
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method (for example Miles and Misra, 1938) is chosen 
this shock is avoided and a quantitative result can be 
obtained. Hewlett and Hall (19II) observed the fact that 
better recovery rates f or disinfectant damaged spores were 
obtained on solid rather than in liquid media although they 
did not acknowledge the need for an inactivator and this 
may have influenced their results. Harris and vVhitefisld 
(1 963) using phenol damaged Escherichia coll found that a 
surface drop method gave higher recovery than a molten agar 
roll tube method and many other authors have reported 
similar results.
When bacterial spores are used in disinfectant 
tests, heat activatioh may be necessary before maximum 
recovery can be obtained* (Results section 3,1,2,3 )*
The composition of the recovery medium and the 
conditions of incubation may also affect recovery. Organisms 
damaged by heat, chemical or radiation treatment may be more 
fastidious in their growth requirements than normal cells 
and they may also require an incubation temperature which 
differs from the normal optimum. Unlike the maintenance 
medium which, for the sake of standardisation, may be a 
synthetic minimal medium, such a medium is unlikely to give 
maximum recovery of damaged organisms. This was demonstrated 
by Milbauer and Grossowicz (1959) who achieved better 
recovery of chlorine-inactivated Escherictia ooli on nutrient 
agar than on a minimal agar. An enriched medium has frequently 
been shown to give increased counts over nutrient agar alone. 
For example, Curran and Evans (1937) achieved higher counts 
with heat or radiation treated Bacillus subtills spores on 
nutrient agar with blood, glucose and yeast added than on 
nutrient agar alone. Conversely, better revival has also been 
observed with poorer media and it is therefore important to 
carry out preliminary experiments to investigate the best 
recovery conditions before starting a series of tests,
Stapleton et ad. (1955) found that cells originally grown 
on a rich medium were more nutritionally exacting after 
irradiation treatment than those grown on a minimal medium.
It is possible that this is also true for chemical and heat 
damaged cells.
The type of agar itself may also be critical. For 
example. New Zealand agar has been shown to be better than 
Japanese agar for the recovery of cetrimide treated Bacillus
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subtilis but the reverse was true with Escherichia coli 
treated with phenol (Kelsey, 1963a).
The temperature of incubation required for maximum 
recovery of survivors may not necessarily be the same as 
the optimum for normal growth. Again, reports differ as to 
whether higher or lower temperatures are best and this should 
therefore be checked with the particular test organism. 
Frequently a slightly lower temperature will give as good, 
if not better results. For example Harris (1 9 63) found that 
the optimum incubation temperature for phenol damaged 
Escherichia coli was about 30^G. However Milbauer and 
Grossowicz (1959) found that temperatures greatei* than 37^0 
were better for chlorine treated E .coli. An extended 
incubation period may also be required and plates should 
therefore be kept for longer than the normal 24-48 hours to 
check whether any increase in colony count occurs,
Harris (1 963) has reviewed the literature on recovery 
of damaged bacteria but he emphasized that when conditions 
optimal for the recovery of damaged cells are required, they 
cannot be selected cn the basis of conceptions derived from 
established information obtained with undamaged cells of the 
same species or, by inference from results with other species.
1.4»2,9 interpretation of results
From the above it is clear that there are a
number of pitfalls which may be encountered when carrying 
out a disinfectant test and unless all of the above factors 
are given consideration one cannot hope to obtain a 
meaningful result. However, even after careful consideration 
and application of the required criteria, a disinfectant 
test is still only a laboratory attempt to simulate 
conditions of use and there may be conditions which will 
arise in practice which are difficult if not impossible to 
simulate. The results of a laboratory disinfectant test must 
at best only be considered to give a good guide as to how a 
disinfectant may behave in practice, and once adopted, 
constant monitoring, to check that the disinfectant is 
working as desired, must be carried out.
1 .4 ,3  TEST TECHNIQUES
Disinfectants are used in many and diverse conditions
so a single overall test to assess their performance charac­
teristics is an impossibility. Because of this a wide range 
of tests to meet these different conditions have been devised.
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Surface tests
The earliest methods for evaluating disinfectant 
activity were ’’surface film" or "carrier" tests. Both 
Koch (1661) and Kronig and Paul (1897) tested the efficiency 
of disinfectants on infected surfaces. They impregnated 
silk threads and garnets with anthrax spores. However, 
reproducibility was poor and with the introduction of the 
Rideal-Walker suspension test, surface film tests were 
abandoned for many years until the need for the conditions 
of laboratory tests to closely simulate practical conditions 
was reconsidered. A number of tests were then introduced, 
particularly with a view to testing disinfectants used in 
the dairy industry, including one which utilises milk churns 
(Hoy and Glegg 1953)«
These tests are realistic but they are often 
difficult to perform and irreproducible. This is partly 
due to the fact that it is difficult to distinguish between 
detergency and disinfection since some of the organisms may 
be removed by the mechanical effect of dipping and washing. 
Gonversely, when counts from rinse waters are carried out 
some surviving organisms may be left on the carrier. This 
is especially relevant when porous, irregular or pitted 
surfaces are used. Such surfaces are more difficult to 
disinfect than hard, smooth ones because the organisms are 
less accessible and tend to be more protected by the soiling 
material.
Cover Blips, glass cylinders, small flat pieces 
of metal, glass, glazed or unglazed tiles, lino, rubber and 
painted wood have all been used as carriers (Sykes, 1965).
Some loss of viability of the test organism during 
drying is an inevitable fact which must be taken into 
consideration and for this reason spores rather than 
vegetative organisms are better for surface tests.
1 c4 o  « 2 Suspension tests
In suspension tests a bacterial culture is mixed 
with the disinfectant solution for a predetermined time, after 
which small samples are withdrawn and subcultured in order to 
detect survivors. The end-point may be the dilution yielding 
no positive culture or a specified proportion of positives 
from a number of replicates. It is frequently expressed as 
a coefficient, comparing the unitnown with a standard such 
as phenol. The best known of these tests are the phenol
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coefficient tests of Rideal and Walker (British Standards 
Institution 1954) and Chick and Martin (190Ô). These 
tests have been criticised on many grounds; the test 
organism (Salmonella typhl) is inappropriate; the test 
structure unrealistic and the use of phenol as a standard 
is progressively misleading as the test agent differs moi-e 
and more from pure phenol* Many modifications of the phenol- 
coefficient test have been developed (for example, Association 
of Official Analytical Chemists, I96O) and may be useful for 
selecting the most active of a series of homologous compounds* 
One of the main defects of suspension tests in 
general is the choice of. a total kill as the end-point and 
the attempt to use a single "all-or-nothing" response to 
assess it. This inevitably leads to a variation in results 
which cannot be avoided since when only a small number of 
organisms are left the chance of removing them on subculture 
depends on the size of sample removed. This leads to 
irreproducibility but can be partially overcome by statistical 
analysis of a number of replicates.
IJ4.3,3 Killing-curve testa
In these tests the dynamics of disinfection are 
plotted by counting the number of surviving organisms at 
various time intervals in a reaction mixture of disinfectant 
and test organism. The test is flexible and any convenient 
’kill* may be taken as the end-point thus making it less 
erratic than the suspension tests previously described*
The end-point may however be difficult to translate into 
practical terms, but, like the suspension tests, such tests 
should only be used to give a guide to the disinfectant 
concentrations which might be used in practice* The 
Germicidal and Detergent Sanitizer test (AOAC, I960) and 
British Standard 3286 (196O) for quaternary ammonium compounds^ 
are examples of killing-curve tests.
This type of test is useful for studying the 
dynamics of disinfection with respect to time, temperature 
and concentration,
1,4 ,3 .4  Capacity tests
The name * capacity test* is derived from the 
concept of adding organisms until the capacity of the 
disinfectant to deal with any further additions has been 
exhausted* A standard volume of the working dilution of the 
agent under test is prepared and to it are added, at
51
intervals5 known volumes of a suspension of test organisms 
with or without organic matter. At a standard time after 
each addition a sample is removed from the reaction mixture 
and cultured to detect survivors. The end-point may be 
expressed either as the number of increments that can be 
added before a positive culture is obtained, or as the 
final dilution of the disinfectant in the reaction mixture 
at that point,
A capacity test is therefore a type of suspension
test which is more realistic than the phenol coefficient type
test. The best known British example is the Kelsey-Sykes
test (1969) which was improved by Kelsey and Maurer (1974)
and is now used in many other countries (Coates, 1977)*
The test aims to suggest use-dilutions of 
disinfectants which should subsequently be monitored in the 
practical situation,
l,4o»5 In-use tests
It is clear from the preceding discussions, that 
it is important to monitor the performance of disinfectants 
in the practical situation. In-use tests do this. The 
term embraces a family of tests designed to measure the 
overall efficiency of a disinfection process by detecting 
or counting organisms surviving in the environment. Counts 
may be obtained from surfaces, such as walls, floors or 
utensils, from liquid samples such as the dregs of bottles 
or drainings from buckets, or air can be sampled.
In-use tests should be carried out whenevei^ a 
new disinfectant or different concentration of an existing 
disinfectant is introduced and repeat tests should be performed 
at intervals.
All such tests suffer from an inherent disadvantage 
in that they measure not only the efficacy of the disinfectant 
under test but also the entire cleaning and disinfecting 
routine including the accuracy and frequency of dilutions, 
the zeal of the operatives and the closeness of supervision. 
This means that it is almost impossible to compare the 
effectiveness of a disinfectant in one situation with that 
in another, but on the other hand it is can be an advantage 
to be able to monitor abuses.
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The in-use test of Maurer (1974) is a simple 
test designed for use on liquids in hospitals and it points 
out the need for inactivators in such tests.
1,4.3.6 Stability tests
For most practical purposes it is of interest to 
know how long a diluted disinfectant will remain effective. 
Inactivation may occur due to chemical or physical breakdown, 
Use-dilutions may also become contaminated by a micro­
organism, often a pseudomonad, able not only to survive but 
also to multiply, even at room temperature. Ultimately 
multiplication may continue until the disinfectant is heavily 
contaminated and the active ingredient has been reduced so 
that it is ineffective even against normally sensitive 
organisms,
Chemical stability may sometimes be checked by 
appropriate chemical methods, for example, measurement of 
available chlorine levels in hypochlorite solutions. However 
it is generally considered to be better to prepare a use- 
dilution and test it by any of the usual disinfectant testing 
procedures immediately and at intervals after storage.
Different conditions of storage can thus be compared if 
necessary. Alternatively the use-dilution can be inoculated 
with an organism such as a pseudomonad and then counts made 
at intervals. Such a test was described by Maurer (1969),
A satisfactory product should show a rapid fall-off in count 
with no survivors recoverable even after storage for one week 
or more. Less satisfactory products may show the same initial 
fall-offp followed by a period when no organisms can be 
detected and then steadily rising counts after a few days.
The significance of such tests will depend on the proposed 
method of use and whether storage of neat or diluted solutions 
is contemplated. If fresh dilutions are prepared daily in 
clean containers all that is important is a good initial kill,
1.4*3o7 Sporicidal tests
The first disinfection tests carried out by Koch (l88l) 
and Kronig and Paul (1897) used bacterial spores, but from 
the time of the first phenol-coefficient tests the trend has 
been towards using vegetative organisms and few sporidal tests 
have been described. There are several reasons for this, not 
the least of which is that many chemical disinfectants will 
not kill spores. Spores are also rarely considered to be a 
problem in the situations where disinfectants are used and
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when there is a danger that they might be a problem, 
an alternative method of destruction is chosen. However, 
there are some situations, particularly in the medical field, 
where a sporicidal liquid agent is necessary (section 1.6.4)> 
In general the same criteria which have been 
described for tests using vegetative organisms apply to 
sporicidal tests and any of the test techniques described 
can be modified for sporicidal testing. Usually the contact 
time between agent and spores is the only major modification 
necessary* The AOAG (I96O) Sporicidal Test is an example 
of a "carrier" type sporicidal test which utilises stainless 
steel penicylinders, whilst Kelsey ejt ad* (1974) used a 
modified Kelsey-Sykes capacity test and also a killing curve 
suspension test to compare the sporicidal activity of various 
disinfectants.
Spores in fact have certain advantages over 
vegetative organisms in disinfectant testing, especially 
when the dynamics of disinfection are being studied^but these 
will be considered later (section 1,5*1).
1,4.5*8 Other teats
There are numerous tests for specialised purposes 
and many of these have been described by Sykes (1965)* There 
are tests against various other microorganisms, especially 
fungi, and special tests are sometimes used for disinfectants 
designed to be tuberculocidal but generally these are 
modifications of the techniques just described. Virucidal 
tests pose special problems and special techniques have been 
developed for this purpose (for example see Tanabe and Hotta,
1 976).
Tests on dairy disinfectants have occupied a large 
volume of the literature on disinfectant testing but the 
principles involved are the same as those already described. 
Textiles pose a slightly different problem and appropriate 
techniques have been developed where the textile is used as 
the test surface or "carrier". Special techniques have also 
been developed for the testing of aerial disinfectants.
Chemical tests have sometimes been advocated for 
disinfectants since chemical assay of one or more of the 
active constituents may appear simpler and more precise than 
microbiological assay* However, although chemical assays in 
parallel with microbiological assay may give added information, 
a chemiCal assay alone can only give an incomplete picture
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of the likely performance of the disinfectant* Chlorine 
containing compounds are the only disinfectants which 
are regularly subjected to chemical testing, thus, generally 
accepted use-dilutions have been established through many 
years experience in several fields*
Minimum inhibitory concentration tests may be 
used to compare the resistances of several organisms before 
choosing one for testing, but such tests are generally more 
applicable to the field of chemotherapy*
For testing disinfectants for use on skin and 
mucous membranes special tests such as that of Greenberg and 
Ingalls (1958), are necessary since the degree of damage 
to epithelial cells i s important as well as damage to micro­
organisms.
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1 *5 THE USE OP BACTERIAL ENDOSPQRES IN ASSESSINGDISINFECTION AND STERILIZATION METHODS
1.5.1 THE RESISTANCE OF SPORES COMPARED WITH OTHERMICROORGANISMS AND THEIR USE IN TESTING DISINFECTION AND STERILIZATION PROCEDURES
The most resistant forms of life are bacterial 
endospores. Thus, the ultimate criterion of a sterilizing 
agent is sporicidal activity. Spores are therefore essential 
at some stage in the testing of sterilization processes but 
they are not necessary for the testing of disinfection 
procedures (section 1.2,1),
The easiest microorganisms to destroy are generally 
considered to be fungi followed by vegetative bacteria,. then 
viruses, protozoan cysts and finally spores. However, there 
are some exceptions to this order. The resistance of acid- 
fast bacteria, for example, is considered to be intermediate 
between vegetative bacteria and bacterial spores (Spaulding, 
1968). Russell (1974) has reviewed the relative resistances 
of different types of microorganisms to antimicrobial agents, 
whilst reviews of the destruction of specific groups of 
organisms are numerous. For example, Crowshaw (1971) on 
mycobacteria and Morris and Darlow (1971) and Grossgebausr 
(1970) on viruses,.
Although notnecessary for testing disinfection 
procedures, spores can be very useful for studying the dynamics 
and mechanisms of disinfection (Levine, 1952), Because of 
the greater resistance of spores compared with vegetative 
bacteria a wider range of concentrations, temperatures and 
pH can be employed and the course of disinfection can be 
observed with a high degree of reliability because of the 
slower rates of death. The necessity for daily subculture 
is also eliminated since a spore suspension of known 
•concentration and resistance can be prepared and stored for 
long periods without deterioration.
The resistance of spores and their use in testing 
will now be considered under three separate headings 
heat, radiation and chemicals.
1 .5 o1.1 Heat
Different groups of microorganisms show w idely 
differing susceptibilities to both wet and dry heat treatments. 
However, the resistance of bacterial spores is far in excess
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of that of any other group of microorganism, Kahn (1945(a)) 
calculated that the temperature coefficients per ten degree 
increase was for most spores, between eight and ten over
the range 100^0-135^0, Thus, approximately 20 honrs would
be required for sterilization by moist heat at 100^0 and
only 15 minutes at 121^0, However spores of Bacillus 
stearothermoDhiluB have been known to survive such treatments 
and their thermal death time has been found to be 30 minutes 
at 121^0 (Lane ^  1964)*
Spores are thus the obvious choice of test 
organism for heat sterilisation processes and, spores of 
Glartridium species are generally less resistant to heat 
than spores of Bacillus species. However, spores have a 
number of disadvantages which are common to all types of 
process monitoring. Firstly, a sterility test takes some
time to complete and the sterilized articles may be required 
immediately, Other disadvantages are the problem of obtaining 
cultures of adequate resistance and the difficulty in fixing 
cultural conditions suitable for the rapid recovery of damaged 
organisms. Kelsey (1958) showed how unreliable laboratory 
cultures can be.
The thermal resistance of many microorganisms may 
be affected by whether they are found in nature, or are 
grown in the laboratory. This is especially noticeable with 
soil organisms. Cultures grown in media containing soil or 
soil extract often have a greater heat resistance than those 
grown on ordinary media. This must therefore be taken into 
consideration when choosing and preparing an organism, to be 
used as an indicator strain. The age of the culture, 
concentration of cells and the environment immediately 
prior to, or during, a heat treatment may also affect 
resistance. For example, a high organic content in a medium 
.during heating generally exerts a protective influence on 
the spores. Inorganic salt content and pH can also influence 
resistance. Methods of measuring the thermal resistance of 
bacteria have been described by 8tumbo (1973).
Cultures which have survived drastic treatment 
of any kind are usually much more exacting in their 
nutritional requirements than normal and this also applies 
to heat treated spores. Media enriched with various
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substances usually give higher recovery figures (section 
1,4.2,8) but even so a long incubation time may be necessary 
for recovery and this is inconvenient when routinely testing 
a sterilization procedure,
ïVhen spores are used for testing a heat 
sterilisation process Bacillus stearothermophilus spores 
are generally the choice and spore strips carrying this 
organism are available commercially. However, because of 
the disadvantages just described, alternative methods of 
testing are generally preferred. Bince the temperatures 
required to kill the most resistant bacterial spores have 
been determined by various means over many years simple 
measurement of the temperature within a sterilizer is now 
adequate, providing other physical parameters such as 
pressure, are correct. Thermocouples are the most direct 
method of temperature measurement and, providing they are 
inserted at the most critical parts of the 1 oad, the 
sterilization period can be timed from the point when the 
thermocouple readings reach the required temperature,
Chemical indicators such as Browns’s tubes may also be used 
but successful chemical or spore tests give no assurance 
that the sterilizer and technique are reliable since heating 
may be inadequate in other parts of the load, or under 
different conditions of loading. Thermocouples ma)'' be 
placed in several different parts of the load, and once 
installed in a machine, can be used every time that the 
machine is used without extra cost or inconvenience*
1=5,1.2 Radiation
In general, bacterial spores are more resistant 
to ionizing radiations than vegetative bacteria and Gram 
positive bacteria more resistant than Gram negative. Spores 
.of Clostridium species are generally more resistant than 
those of Bacillus species (section 1,5.2.3) with Clostridium 
botulinum the most resistant. However although the bacterial 
spores constitute the most resistant group Micrococcus 
radiodurans, as an individual example, is even more resistant 
It is this organism therefore which is often used as an 
indicator organism in testing. The sensitivities of viruses 
are of the same order as bacterial spores although notable 
exceptions with greater resistances have oeen reported 
(Sykes. 1965),
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The relative resistances of organisms to non­
ionising radiations such as ultra-violet are generally the 
same as for ionizing radiations with the bacterial and 
fungal spores most resistant, Gram negative bacteria most 
sensitive and Gram positive cocci intermediate* Opinions 
differ as to the relative resistances of viruses and 
bacteria.
As described for heat resistance, the resistance 
to radiation of bacteria as they occur in the natural state 
is almost always apparently greater than when cultured in 
laboratory media* However the difference in this case is 
probably due almost completely to the different protection 
afforded and this is especially noticeable with foods.
The use of a microorganism to test radiation 
treatment processes suffers the same disadvantages (such as 
time required for culture) as for heat process testing and 
for this reason other methods are preferable* The radiation 
doses required for sterilization or disinfection are known from 
previous experience, thus measurement of doses by electrometric 
colorimetric or chemical methods is generally considered to 
be reliable.
1,5.1.3 Chemicals
Bacterial spores are also more resistant to 
chemicals than other forms of microorganisms. After spores, 
the family Mycobacteriaceae provides examples of vegetative 
bacteria which are relatively resistant to chemicals 
(Crowshaw, 1971)* The tubercle bacillus has repeatedly 
been shown to be more resistant to disinfectants than other 
vegetative bacteria (Russell, 1974). Gram negative bacteria 
are frequently more resistant to chemical disinfectants than 
Gram positive bacteria and it is partly for this reason that 
they are becoming increasingly implicated as hospital 
pathogens. This may be due to differences in the cell wall 
composition. Gram negative bacteria generally have a much 
higher lipid and lower mucopeptide content in their walls, 
Chemical disinfectants which show antibacterial 
activity generally exhibit antifungal activity and the 
destruction of moulds and yeasts has been described by 
D ’Arcy (1971). Several bactericidal agents also show 
virucidal properties although the relative resistances of 
viruses and other micro-organisms to chemicals may vary
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depending on the particular chemical involved. The use 
of spores with particular chemicals will now he considered* 
Eth)'"lene oxide
Spore strips are generally used to monitor ethylene 
oxide sterilization processes and although they suffer from 
the problems previously described for heat, there are so 
many variables in the ethylene oxide sterilization process 
(section 1,2.2*2,1) that other methods of control are very 
difficult to apply. Fully automatic machines help to reduce 
the need for monitoring but spores are generally used in 
spite of the fact that results will not be available 
immediately.
The organisms most resistant to ethylene oxide are 
staphylococci and spores of Bacillus species. Bacillus 
subtilis var globigii spores are generally used for testing. 
They are prepared on strips as described by Beeby and 
Whitehouse (1965),
Formaldehyde vapour
Bacterial spores are more resistant to formaldehyde 
vapour than vegetative organisms, although according to 
Phillips (1952) the resistance ratio with formaldehyde and 
other alkylating agents is not as great as with other 
disinfectants.
Spores are-used for testing low temperature steam 
and formaldehyde processes since other methods of testing 
have not yet gained widespread acceptance and the process is 
still in an experimental stage where treatment times and 
conditions still have to be established. The spores used 
are normally either Bacillus stearothermophilus or Bacillus 
subtilis although spores of Bacillus pumilus and Clostridium 
sporogenes have also been used. As penetration by the 
formaldehyde is one of the major problems with the process, 
a test piece comprising a helix at the end of which is a 
capsule containing spore strips, was designed by Line and 
Pickerill (1973)» Penetration down the fifteen foot long tube 
is difficult and therefore probably presents an over-realistic 
challenge to the process,
Sporicidal liquids
Since bacterial spores are the most difficult micro­
organisms to destroy, sporicidal Iquids may be considered . 
synonymous with chemosterilizers or chemical sterilants,
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Sterilants can only be monitored by in-use testing, but 
test spores can be used to determine the concentrations 
likely to be effective in practice* Sporicidal tests have 
been described in section l.h»3c7 but the choice of spore 
species depends on the liquid under test.
Chlorine releasing compounds
Tonney £t (1930) fomid spore bearing organisms 
to be 10 to IglOO times more resistant to chlorine than 
vegetative organisms and spores produced by aerobic species 
more resistant than those from anaerobic species. They 
considered Bacillus subtilis to be the best adapted and 
safest for use as an ’index organism’ for the spore bearing 
group in water treatment. Other authors have also found 
Bacillus species to be more resistant to chemicals generally, 
and chlorine in particular, than Clostridium species 
(for example Wyatt and Waites, 1973; Dye and Mead, 1972;
Odlaug and Pflug (1976)) . Although Cerf jet al, (1973) 
found B,stearothermoohllus to be more resistant to chlorine 
than BeSubtilis, B,subtills spores are generally regarded 
as among the most resistant to chemical agents and have been 
used in many studies involving chlorine releasing agents 
(Brazis at 1938; Cousins and Allan, 1967; Sykes, 1970;
Trueman, 1971; Cerf ^  1973; Rigarlsford and Trueman,
1973; Kelsey et 1974; Fuscoe, 1976).
Clostridium perfringens is considered to be one
of the most chemically resistant of the anaerobic sporeformers,
(Collee and Watt, 1971; Dye and Mead, 1972).
Glutaraldehyde
Spores of Bacillus species have been found to be 
more resistant than those of Clostridium species (For example 
Miner et a^o 1977) and B,pumilus is usually used as the test 
organism (For example Thomas and Russell, 1974; Thomas, 1977). 
Rubbo jet ad. (1967) found B.pumilus spores the most. resistant 
of five spore species to glutaraldehyde.
1.3.2 MSGHANISMS OF RESISTANCE IN oPORBS
1,3*2.1 Structure of the bacterial endospore
1.5.2,1*1 Physical structure
Bacterial endospores may be spherical or oval 
(approximately one micrometre diameter) and the mature spore
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is composed of a number of layers
Exosporium 
Spore Coat
mother cell cytoplasm Cortex
Cortical Membrane 
Plasma Membrane 
Cytoplasm (spore core)
DIAGRAMMATIC REPRESENTATION OF A SECTION OF A MATURE SPORE
The outermost envelope surrounding the spore is known as 
the exosporium. This is a thin, delicate covering which 
lies outside the spore coat* In some spores it exists as 
a loose covering which is connected in places to the sides 
of the spore whilst in others it is stretched tightly over 
the surface of the spore. This material has an ordered 
structure with hexagonal fragments resembling a crystalline 
configuration. Beneath the exosporium lie the several 
layers of the spore coat, of which 90 per cent.is made of 
protein containing the- twenty common amino acids. From 
examination of carbon replicas it is evident that the 
surfaces of different types of spores have different patterns 
Beneath the spore coat is a thin membrane which separates 
the spore coat from an area of low electron density which 
is composed of concentric layers of fine, fibre-like bundles. 
This area is known as the cortex, and occupies approximately 
half the volume of the spore* It is a specific spore 
component which disappears during germination and is absent 
from vegetative cells. A thin membrane separates the cortex 
from the cytoplasm of the dormant spore, the internal 
structures of which are apparently similar to those of the 
vegetative cell,
,5,2,1*2 Chemical composition
Although the spore coat thickness may vary 
according to the species, it is always made up of several 
laminated layers of protein, each about 2,0-2,5 nanometres
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thick. This protein is highly hydrophobic and in Bacillus 
subtilis contains high amounts of glycine, aspartic acid and 
glutamic acid. Most of the terminal amino acid is
serins ( Antani and Kadota, 1976), Bpore coats are also 
rich in sulphur containing proteins such as cysteine.
Spores contain large amounts of calcium and 
dipicolinic acid (2,6-pyridinedicarboxylic acid). These 
are thought to form a complex which is located in the cortex 
of the cello The cortex also contains peptidoglycan polymers, 
the chemical composition of which seems to be very similar 
to the peptidoglycans in the cell walls of vegetative cells.
In some spores, however, dipicolinic acid replaces the lysine 
present in the vegetative cell peptidoglycan. In addition 
to calcium, spores also contain high levels of other divalent 
metals such as magnesium and manganese.
1,5*2.1,3 Comparison with vegetative organisms
One of the main differences between vegetative 
cells and spores is the very low water content of spores 
which makes them appear highly refractile* Spores are also 
able to absorb ultraviolet light more readily than vegetative 
cells, due to the large quantities of dipicolinic acid which 
are present and which vegetative cells do not possess.
Many enzyme systems present in the vegetative 
cell are reduced or completely absent in spores and some 
other enzymes, such as alanine racemase are synthesized 
preferentially. Spores may be immunologically different 
from the vegetative state due to the presence of amino acids 
in the spore coat which are not found in the vegetative cell 
wall.
The resistance of spores is generally attributed 
to the lower water content, higher calcium content and altered 
protein composition compared with vegetative cells, but there 
are differing opinions concerning more specific resistance 
mechanisms,
1.5*2.2 Mechanism of resistance to heat
In simple terms, heat causes coagulation of 
proteins, thus inactivating enzymes, which results in death 
of the cell. Protection of the proteins in some way should 
therefore protect the cell against damage by heat. There 
are several possible mechanisms of protection of proteins
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from coagulation* Firstly the temperature required to 
coagulate protein is dependant upon the water activity, 
the less water present, the higher the temperatiu's required. 
Spores have a low water content and thus may require higher 
temperatures for protein inactivation. Gould and Bring (1975) 
have further postulated that the cortex of the spore may act 
as a specialised osmoregulatory organelle which brings about 
and maintains a state of dehydration in the central protoplast* 
Because the protoplast is dehydrated it is heat resistant.
Secondly, protection of proteins has been explained 
by the high lipoid content of bacterial spores,in particular 
dipicolinic acid, which is thought to complex with the 
cellular protein thus protecting it from coagulation. The 
particular nature of the lipoid in the bacterial spore 
differentiates it from that of the mycobacteria and fungal 
spores which do not exhibit this protection and are as 
susceptible to heat as vegetative bacteria*
Some spore enzymes have been shown to have 
unusually high heat resistance* For example, Bach and 
Sadoff (1962) isolated a heat-resistant glucose dehydrogenase 
during the early stages of sporulation of Bacillus cereua. 
Except for heat r esistance it was identical to that in 
vegetative cells* Baillie and Norris (1962) reported the 
existence of catalase in two phases, the normal, heat-labile 
one in vegetative cells and a heat stable one as soon as 
spores began to develop.
One explanation of resistance to moist heat, as 
opposed to dry heat, is that the envelope aroimd the spore 
is so thick and rendered so impervious that when subjected 
to steam treatment, access of moisture to the vital part 
of the cell is retarded.
1 .5 .2.3 Mechanism of resistance to radiation
There is no known relationship between heat resistance 
and resistance to radiation (Sykes, 1965) . One of the clues 
to the mechanism of action of radiation is that there is no 
general breakdown of the cell, because the cell remains 
morphologically the same after treatment. It continues its 
normal respiratory activity (Billen et ad. 1953) and retains 
its motility, at least for a short time (Grainger, 1947). 
However, it is unable to reproduce normally and the
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respiration rate rapidly declines. This suggests specific 
action on one particular compound or e nsyme and it is 
thought that this could be DNA. However, the resistance 
mechanism is complex and not fully understood*
In general, smaller doses of ionizing radiation 
ai’e required to kill vegetative cells than spores, with the 
exception of micrococcus radiodurans * This organism has an 
unusual multi-layered cell wall structure which likens it 
to spores and it has also been found to have a v ery efficient 
DNA repair mechanism. Either or both of these could explain 
its high resistance.
Some understanding of why spores should be more 
resistant to radiation than vegetative organisms may be 
gained by looking at some of the factors affecting the lethal 
activity of ionizing radiations. As with other disinfection 
and sterilization processes, cultural conditions before 
treatment, conditions of actual treatment and recovery 
conditions all affect real or apparent resistances. However, 
in addition, oxygen tension during the irradiation process 
appears to affect resistance. In the presence of oxygen, 
cells are more susceptible to damage. This phenomenon has 
been described by many authors, including Tallentire (1958) 
who used dried Bacillus subtilis spores and compared death 
rates when sealed in air or high vacuum. The oxygen effect 
with bacterial spores is apparently much smaller than with 
vegetative bacteria and the theory helps to explain the fact 
that anaerobic organisms are generally more resistant to 
radiation than aerobic organisms. This oxygen sensitization 
is thought to be due to the formation of the oxidised radicals 
of water ('OH and'HO^), and also to the formation of peroxides, 
and the consequent oxidative changes involved in the lethal 
process. Protection against radiation may therefore be 
afforded by compounds such as protein and nutrient broth 
which are capable of reacting competitively with the free 
radicals. Sulphydryl groups and other reducing agents are 
active in the same manner.
Removal of water increases the resistance of 
microorganisms to radiation and this could explain why spores 
with their lower water content are more resistant than 
vegetative organisms. There are three reasons why this should 
be so if the oxygen sensitization theory is correct; (i) in 
the absence of water fewer"OH and'HOg radicals can be formed,
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thus their lethal action is lessened; (ii) the mobility 
of any free radicals formed is reduced in the absence of 
a continuous water phase; (iii) organisms in the dried state 
are more intensively protected by the surrounding menstruum.
1.5.2.4 Mechanism of resistance to chemicals
The available evidence suggests that heat and 
chemical resistance are seldom related. The lethal action 
of a disinfectant is due mainly to its capacity to react 
with the protein, and in particular the essential enzymes, 
of microorganisms. Before any antimicrobial activity can 
take place the disinfectant must be absorbed into each 
individual cell membrane and then react with one or more 
of the cell constituents. It is unlikely that the spore 
coat presents an impermeable layer to the penetration of 
chemicals although it seems probable-that the sulphur groups 
in the coat have some effect on resistance. They are 
responsible for maintenance of dormancy (Keynan _et ad. 1 9 6 4; 
Widdowson, 1 967) and heat activation of spores involves 
changing the tertiary structure of the sulphur containing 
proteins by a reversible dénaturation. Phillips (1952) 
attributed resistance to chemicals to an initial reaction 
with the outer protein coat which thus protected the 
sulphydryl groups of essential enzymes. In vegetative 
organisms these groups are apparently unprotected.
Resistance of spores to alcohols
The reason for the failure of alcohols to kill 
spores has not been fully elucidated although several theories 
which only give a partial answer have been proposed.
Gardner (1977) suggested that reaction of alcohol with the 
outer layers of the spore coat might prevent further 
penetration thus protecting essential enzymes, whilst Borick 
and Pepper (1970) suggested that the low water content and 
high lipid content of spores rendered them resistant to 
alcohol. Since alcohols act by dénaturation of proteins 
which is dependant on water content it is quite possible that 
the low water content of spores offers them some protection.
It has also been shown (Sykes, 1939) that alcohols destroy 
bacterial dehydrogenases in the cell surface of vegetative 
cells and it is possible that these are inaccessible, absent 
or dormant in spores.
Alcohols are able to act as activating agents for 
spores under certain conditions (Hyatt and Levinson, 1968).
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Activating agents generally alter the tertiary structure 
of inacromoleculese Hyatt and Levinson (1 9 6 8) postulated 
that heating or ethanol altered the structure of liquid 
water, thus permitting it, like water vapour* to reach and 
hydrate a specific critical spore site, thus resulting in 
activation. Smith and Pflug (197I) showed that 35 per cent_ 
and 70 per cent.ethanol or isopropanol were sporicidal 
at temperatures of 45°C and above. This appeared to be 
related to water activity. Possibly activation was initiated 
by the alcohol under the correct conditions as postulated 
by Hyatt and Levinson (1988) and then germinated cells were 
killed by the alcohol. However this cannot be the complete 
answer since otherwise activated spores would frequently have 
been jbown to be killed by alcohols. The fact that ethanol 
has also been shown to inhibit germination (Curran and 
Knays^, 1961 ). may play some part in the apparent resistance 
of spores* Ethanol has also been shown to inhibit sporulation 
(Bohin ^  ad. 1976).
Resistance of spores to hypochlorites
Chlorine acts by oxidation and hydrolysis of 
cellular components such as protoplasm or enzyme systems.
The prevalent theory is that attack is through hypochlorous 
acid in its undissociated form and this has been discussed 
in an earlier section (1.3*2.11), The reason for the greater 
resistance of spores than vegetative organisms to chlorine 
compounds has been thought to be due to the spore coat which 
acts as a barrier. . Wyatt and Waites (1973, 1975) showed 
that Bacillus subtilis spores were more resistant than 
Clostridium bifermentans spores which had thinner coats. 
However, spore coats are dissolved by sodium hypochlorite 
thus explaining the susceptibility of spores to chlorine 
containing compounds, although the spore coat may serve to 
slow down the process by which essential enzymes are damaged. 
Rode and Williams (1966) used the fact that sodium hypochlorite 
dissolves the spore coat to study the ultrastructure of spore 
integuments.
Lags are frequently observed in hypochlorite killing 
curves and Rahn (1945) regarded this as evidence that the 
highly active chlorine unites with many molecules in the 
cell before death results. Lags observed in sporicidal 
studies might also be explained by the fact that dissolution
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of the coat is necessary before death occurs.
Other theories include that of Alderton and 
Halbrook (1971) who showed that -the action of chlorine on 
spores involved a release of dipicolinic acid in an almost 
pure form and Wyatt and Waites (1973) who suggested that 
the efficiency of chlorine compounds may be due in part to 
stimulation of spore germination followed by inactivation 
of the germinated spore.
Resistance of spores to aldehydes
Phillips (1952) showed that the resistance ratios 
of spores and vegetative organisms to alkylating agents such 
as formaldehyde was much less (O.5-1*5) than for other 
disinfectants such as sodium hypochlorite (10^). Nevertheless 
spores are more resistant to aldehydes than are vegetative 
organisms.
Formaldehyde reacts with amino groups on cellular 
proteins and it is probable that these are better protected 
in spores. Thomas and Russell (1974) showed that glutaraldehyde 
reacted with free amino groups on the surface of Bacillus 
subtilis spores preventing germination. However, despite 
interaction with the spore coat it is not possible to state 
that this is necessarily the major site of action of the 
dialdehyde or is responsible for sporicidal activity, Russell 
et al. (1973) postulated that the increased resistance of 
Bacillus pumilus spores as compared with Escherichia coli 
might be due to the interaction of glutaraldehyde with the 
spore coat, thus forming an impenetrable barrier which 
protects the cytoplasm of the spore. It has been shown that 
heat activation may be necessary in order to recover aldehyde 
treated spores (Spicher and Peters, 1976) and this can be 
explained by the theory that the aldehyde affects the tertiary 
structure of coat proteins in a manner which is reversible.
Bacterial spores appear to be more readily 
inactivated at low than at high pH values, (Thomas and 
Russell, 1 975). This is considered to be due to the influence 
of the type of ions which will adsorb onto the spore surface. 
However, glutaraldehyde is considerably more potent as a 
sporicidal agent at high than at low pH, Thomas (1977) showed 
that alkaline glutaraldehyde interacted strongly with one or 
more layers of the bacterial spore coat producing an extremely
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tough cohesive structure capahjle of stretching considerably 
under high internal osmotic pressure. Initial exposure 
to the aldehyde resulted in a complete sealing of the 
spore coat preventing passage of all but the smallest of 
molecules into or out of the cell. In the case of acid 
glutaraldshyde, interaction between the glutaraldehyde and 
spore coat components is much slower.
It therefore seems probable that the spore coat 
is primarily responsible for resistance of spores to 
glutaraldehyde but the complex reactions between spores and 
aldehydes have not been fully understood and otherfactors 
may also be Involved.
Resistance of spores to other chemicals
It has been established that the sulphur-sulphur 
rich spore coat masks peroxide reactive sites (King and 
Gould, 1 9 6 9; Gould et ad.. 1970). Reagents which rupture 
hydrogen and sulphur-sulphur bonds therefore increase the 
sensitivity of spore coats to peroxide. Much work has been 
done on the sensitivity of spores to hydrogen peroxi^de (For 
example, Waites et al. 1976; Bayliss and Waites, 1976; Gerf 
and Metro, 1977) and it is believed that the spore coat is 
the primary site sensitive to hydrogen peroxide (King and 
Gould, 1969),
In conclusion, since spore enzymes are found both 
in the surface layers and in the cytoplasm different degrees 
of protection will be offered and resistance to chemicals 
may vary according to the sites with which specific chemicals 
react. The subject of mechanism of resistance of spores to 
chemicals is^thus^far from simple and not yet fully understood.
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1.6 DISINFECTION Sim STERILIZATION IN TH.SMEDICAL FIELD
This topic can conveniently be divided into four 
main sections; Personnel, Environment, Special equipment 
and Surgical equipment. The main interest in this thesis 
is surgical equipment which will therefore be covered in 
greater detail than the other three which are included in 
order to provide a balanced view of the subject *
1.6.1 PERSONNEL
With personnel, skin disinfection is the main 
subject of interest although clothing should be clean, and 
for surgical use sterilizable or disposable garments are 
generally used. For general nursing and supportive staff 
a high standard of general hygiene and frequent hand washing 
should be encouraged; antiseptics are rarely necessary.
However, in theatres skin disinfection is much more important. 
Antiseptics (skin disinfectants), such as iodophors, are 
frequently used as surgical scrubs by doctors and nurses.
The operation site of the patient, whether skin or mucous 
membrane, may be treated with a suitable antiseptic prior to 
operation. The choice of suitable agents is governed by 
factors which have been considered earlier (1,3<-1.3) and 
Lowbury et (1973) give lists of the different antiseptics 
available.
1.6.2 ENVIRONMENT
Domestic cleaning should reduce bacterial 
contamination to a low level and the use of disinfectants 
is rarely necessary for the ward environment and equipment. 
However, in certain places disinfectants may be of value.
For example, for cleaning baths, in food preparation areas 
and in the theatre (see section 1.3.1).
Disinfection cf complete rooms may occasionally 
be necessary, for example after a case of smallpox or other 
highly infectious disease, and this is generally accomplished 
by the use of formaldehyde gas (D.H.6,8.,1973). Sterilization 
of the general environment and equipment is generally considered 
to be impracticable and unnecessary.
1.6.3 SPECIAL EQUIPMENT
Many items of equipment are difficult to disinfect 
or sterilize. The more complex the equipment the more likely 
it is to contain heat-labile components and the m ore
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difficult it will probably be to treat effectively.
Lowbury st (1373) detailed procedures for dealing
with a wide variety of equipment ranging from bed-pans to 
ventilators. In all cases it is generally considered that 
heat should be used if possible and if not then other methods 
can be considered. However, cleaning is always a pre­
requisite for efficient disinfection or sterilization.
1.6,Ü-1- SURGICAL EQUIPMENT
Ideally all surgical equipment and materials 
should be sterilized before use and decontaminated after 
use. However, in practice much of the equipment is unable 
to stand up to any form of heat treatment and therefore 
other methods of treatment, which cannot always be guaranteed 
to sterilize, must be used. Because sterilization of some 
instruments is very difficult to achieve, categories based 
on the risk of infection involved in the use of articles 
have been defined by Spaulding et (1968) as follows:- 
Critical items may be described as those which must be 
sterile when used since they are either introduced beneath 
the surface of the body, or attached to another object which 
is such as transfer forceps,
Semicritical items are those which make direct contact with 
mucous membranes but do not penetrate into tissue. The 
intact mucous membrane constitutes a barrier to infection 
but there is always a possibility that the membrane may 
have been damaged and therefore not be intact. Semi-critical 
items should preferably be sterile when used, but this is 
not considered to be essentialc They should however be 
free from the common vegetative pathogens (that is, disinfected) 
The third category consists of non-critical items 
which do not make direct contact with the patient, or if they 
do, only with unbroken skin. Sterilization is therefore 
unnecessary but disinfection should be carried out.
Critical items cannot always be pre-sterilized 
commercially or autoclaved by the user* Other methods must 
therefore be considered, and often chemical disinfectants 
are the only reasonable choice. If they are to be used a 
question of great practical importance is whether they can 
be depended upon to sterilize. It must be assumed that
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spoils are present in many in-use situations although the 
numbers will probably be small. As has been noted earlier, 
there are fev/ sporicidal disinfectants (1.3.2.12).
Many instruments which are difficult to sterilize 
are encountered in the surgical field. As technology has 
developed, more complex instruments have been produced, 
often without any consideration by the manufacturers, for 
sterilization or disinfection. Examples of such equipment 
are operating microscopes, anaesthetic apparatus and fibre- 
optic endoscopes. Fibre optic endoscopes have been chosen 
to illustrate the p?oblems.
1.6,U,1 Endoscopes
Endoscopes are instruments which enable surgeons 
and clinicians to look into any orifice or surgical incision 
in the body. Many different types are available and are 
named according to the area into which they are placed.
For example:- cystoscope - bladder
bronchoscope - bronchial system 
gastroscope - upper gastrointestinal system 
arthroscope - joints
hysteroscope - uterus
1,6.4 ,1,1 History and development of the endoscope
The earliest endoscope was the cystoscope described 
by Nitze in 1879* This and other early endoscopes had several 
features in common. There was an outer, usually rigid, sheath 
containing channels for irrigation, insufflation or biopsy, 
and an inner telescope. The telescope consisted of a series
of lenses including a distal objective and proximal eye-piece.
Illumination was p rovided by a small electric lamp at the 
distal end supplied with current by suitably insulated cables 
passing down the sheath. The light intensity of such systems 
was limited and heat produced by the lamp was a potential 
hazard* In addition, the quality of the image produced v/as 
poor and loss of light at lens surfaces was great.
Two major advances on the earliest telescope were 
the development of a rigid rod-lens system by Professor 
H,Hopkins, (British Patent No.934629), which resulted in a 
system in which about nine times the light of the previous 
system was transmitted, and the Incorporation of optical 
fibres which replaced the distally mounted electric bulb 
with a cold light source. The rod lens system employs a
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telescope consisting of a tube of glass with thin air 
lenses, as compared with the older system of a tube of 
air with glass lenses* In addition to the consequent 
increased light transmission, the Hopkin's system has a 
wider viewing angle (70^) than the conventional ^’'stein (40°) 
and can detect a lesion about one mm in diameter at a 
distance of four cm.
Optical fibres which replaced the electric bilb 
transmit high intensity illumination from a remote light 
source. Usually the endoscope itself is fitted with a 
bundle of rigid fibres arranged at the distal end to 
illuminate the object under examination whilst proximally 
they form a connection post. A flexible, detachable fibre- 
optic bundle connects the endoscope to the light source*
Modern rigid endoscopes may employ both of the above systems.
The physical phenomenon of light transmission 
through glass fibres depends on the phenomenon of total 
internal reflection. If a glass rod or fibre in air is 
arranged so that light is accepted at one end then the 
light will be transmitted to the other end by a series of 
internal reflections. However, if the glass fibre comes into 
contact with a substance of equal or higher refractive index, 
such as an adjacent glass fibre or grease, light will rapidly 
be lost by transmission through the area of contact. This 
problem was overcome by Curtiss ejb (1937) when they 
drew glass-coated fibres from an assembly of high index glass 
within a low index glass tube. This resulted in losses per 
internal reflection of less than 0^00004 per cent. This 
construction became the basis of the first clinically useful, 
fully-flexible gastroscopes.
Fibre bundles produced in this manner may be of 
two types, non-coherent or coherent, Non-coherent bundles 
•consist of fibres arranged at random, which will transmit 
light but not an image. Coherent bundles,however, have the 
fibres arranged so that at both ends of the bundle the fibres 
are in exactly the same configuration and all fibres bear 
the same relationship to each other at each end. Thus a 
clear image can be transmitted. Modern fibre-optic endoscopes 
usually contain one or more non-coherent bundles which act 
as light carriers and a coherent bundle for image transmission.
Many modern endoscopes are still of the rigid type 
as in certain situations there are no advantages in having a
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flexible instrument. For example y in cystoscopy y 
arthroscopy and laparoscopy. In other situationsj for 
examiDle bronchoscopy y both rigid and flexible instruments 
may be employed depending on factors such as cost and 
availability of instruments, surgeonpreference and type 
of examination required. However, in the field of gastro­
enterology the flexible endoscope has made a dramatic 
difference to the type of examinations and diagnoses that 
are possibleo As will now be shown, it is the fully flexible 
fibre-optic endoscopes which pose the greatest disinfection 
problems, due to their complex structure,
1,6.4*1,2 Structure of the fully flexible fibre-optic endoscone
The endoscope is composed of four main parts:-
(a) The distal tip and bending section
This houses the objective lens and air/water and 
biopsy channel openings. The bending section enables a 
wide field of view to be obtained, and the objective may 
be forward or lateral viewing depending on the actual model.
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(b) The insertion tube (flexible shaft)
This section contains channels for air/water and 
suction/biopsy as well as the fibre-optic bundles and wires 
for tip manipulation., The whole of this insertion tube 
has a degree of flexibility and it is this part, including 
the distal tip, which goes into the patient.
(c) The proximal end and operation panel
This comprises the eye piece and controls for suction, 
insufflation and manipulation of the distal tip. A camera 
can usually be attached for photography and in some models 
a connection for attachment of a teaching arm may be 
present. A valve giving access to the biopsy channel is 
also situated on the operation panel»
(d) The universal cord (umbilical tube)
This cord contains a fibre light cable and channels 
for air, water and aspiration» It leads away from the 
operation panel and connects the endoscope to the light 
source which is housed in a separate box. This box also 
provides the facilities for insufflation and suction. The 
universal cord is an integral part of the endoscope and 
cannot be disconnected from the control panel. Apart from 
flexibility, this is one of the main differences between 
modern flexible and rigid endoscopes. With rigid endoscopes 
the universal cord can be a separate unit which is clipped 
onto the r igid endoscope when necessary. This is possible 
because a complex control panel is unnecessary. Thus, 
cleaning, disinfection and sterilization are facilitated 
(section 1.6.4.1*3.3)*
The type of tip deflection, diameter and length 
of insertion tube, length of bending section, presence of 
lateral or forward viewing objective and presence or absence 
of biopsy and other facilities depends on the manufacturer 
and model of the instrument and the purpose for which it 
was designed.
Various accessories are available, fox* example 
biopsy forceps, cytology brush, cleaning brush, and diathermy 
snares*
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1.6.4*1*3 Disinfection and sterilization of e ndoscooss
1 *6 c4 *1 *3 c1 Considerations determining the level of treatment required
Endoscopes, like other surgical equipment, may be 
categorised according to the risk of cross-infection 
associated with their use. Those which penetrate into 
tissues, (such as laparascopss, arthroscopes, cardioscopes 
and choledochoscopes) should be sterile when used as the 
risk of infecting normally sterile tissues is high. Those 
endoscopes which penetrate into clean, deep orifices, (such 
as bronchoscopes and cystoscopes) should preferably be 
sterile but disinfection of these instruments may be adequate. 
The implantation into the bladder of one viable bacterium 
may be sufficient to start an infection (Francis, 196I); 
howevers sporing bacteria rarely infect the urinary tract 
therefore a disinfection method which destroys all non- 
sporing bacteria is probably adequate.
Endoscopes which penetrate into shallow, normally 
colonised orifices (for example, gastroscopes, laryngoscopes 
and sigmoidoscopes) may not seem to require sterilization 
although this is considered to be preferable since susceptible 
patients might easily succumb to Infection,
Frequency of occurrence of endoscopy related infection
Early reports of the risks of endoscopy show that 
one of the greatest risks was perforation. If perforation 
occurred, in the oesophagus for example, there was a great 
danger of post-operative infection. After the introduction 
of penicillin many patients with oesophageal perforations 
recovered on medical treatment* The question of whether 
antimicrobial prophylactic drugs should always be given 
before a procedure, thus arose.
Nowadays, with improved instruments and techniques 
there is less danger of perforation occurring although there 
is still a danger of infection. Slight damage to a mucous 
membrane is quite likely and if microorganisms are present 
at this site, entry to the blood stream, and hence other 
parts of the body, is possible, •However, unless the patient 
is a very high risk patient (for example, on immunosupressant 
drugs) it is not generally thought necessary to administer 
prophylactic drugs.
In a naturally colonised area damage to mucous 
membranes may allow the patient's own normal flora into the
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blood and this is very difficult to avoid. It should, 
however, be possible to prevent organisms foreign to that 
patient from gaining access and this is where sterilization 
of the endoscope becomes important.
Contaminants of endoscopes can be divided into 
two groups:-
Ic Organisms originating from a previous patient.
2. Organisms contaminating the endoscope from the air, 
inanimate objects, hospital personnel or cleaning 
solutions after having been adequately decontaminated 
previously*
Although both of these groups could be dangerous, 
depending on the site into which the endoscope is to be 
placed, the first group could be extremely hazardous since 
pathogenic organisms could be spread from one source to 
several subsequent patients. Such cases have been reported 
in the literature.
Table 1 gives examples from the literature of 
cases in which fibre-optic endoscopes have been implicated 
in outbreaks (with as many as 21 patients involved (Burkhardt, 
1976)) and single cases of infection. Although the number of 
cases reported may not appear to be very great, there are a 
number of reasons why infections due to endoscopy may not have 
been reported* For example, infections such as hepatitis B 
and tuberculosis which often have long incubation periods 
may not have been considered to have been connected with an 
earlier endoscopy even if this was the source of infection. 
Many other infections reported simply as hospital acquired 
infections could well have been acquired during endoscopy.
Even if infection due to endoscopy is suspected, the 
information may often not be published.
Although the reported number of fatalaties and 
severe infection are very low compared with the very large 
numbers of endoscopies performed, it is obvious from much 
of the literature that the risks of infection are mucly higher 
than they need be if disinfection and sterilization methods 
were improved. In fact several of the reports describe an 
improvement in the bacteriological state of the endoscope 
after reviewing and changing the method of disinfection.
(Burkhardt, 1976; Tuffnell, 1976; G.D.C., 1977a).
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Table 1 gives only cases of actual infection 
following endoscopy but there have been many studies and 
reports of transient bacteremia follov/ing endoscopy;- 
Shull ejg al, (1975); Engellng ad. (1976); Mellow and 
Lewis (1976); Baltch et al. (1977); Coughlin et, al* (1977) «
The relevencô of these studies is that although a reasonably 
healthy person may be able to cocnbat bacteria introduced 
into the blood during endoscopy and show no clinical 
symptoms, in a debilitated or immuno suppressed patient 
they could be fatal* In addition the entry into the blood 
of exogenous organisms arising from a contaminated endoscope 
is likely to have more serious effects than entry of those 
of the patient's own normal flora. It is interesting to 
note that of the 11 incidences of infection listed in table 1, 
all except two were thought to be exogenous in origin (i.e. 
not due to the patient's own flora). Raines et al, (1975) ■ 
investigated the occurrence of bacteremia after esophageal 
dilation. They found that asymptomatic bacteremia occurred 
in all of the 18 patients studied with the most common 
organisms isolated being Staphy1occus aureus, Staphylococcus 
epidermidis and Bacillus subtilis« These three organisms 
did not relate to bacteria found in throat cultures but they 
were all isolated when the dilators were cultured. Once 
again the ability of exogenous flora to gain access via 
instrumentation has been demonstrated.
Many of the transient bacteremia studies have been 
concerned with colonoscopy and sigmoid oscopy where a varied 
natural flora is generally present. However, the same 
principles regarding entry of bacteria into the blood, apply 
at any site, normally colonised or not, since bacteria could 
be present in large numbers from the endoscope. Results of 
transient bacteremia studies have been varied. For example,
Le Frock ^  ad. (1973) reported a 9*5 per cent, incidence 
of bacteremia after sigmoidoscopy whilst Bngeling £t al, (1976) 
and Coughlin e_t sd, (1977) found no instances of bacteremia 
in 56- and 35 sigmoidoscopies respectively. They concluded that 
bacteremia after sigmoidoscopy was rare. However, Baltch 
et al, (1977) stressed the importance of using two different 
blood culture media to detect organisms and suggested that 
low figures obtained by some authors may have been due to 
non-detection of organisms. Bacteremia after upper
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gastrointestinal endoscopy has been studied by Mellow 
and Lewis (1976). Shull £t al. (1975) and Baltch ejb al.
(1977) and figures of th:ree, eight and eight pe.r cent, 
respectively were found for incidences of post-endoscopy 
bacteremia. Thus, there is a risk of bacterial infection 
following endoscopy and this risk is increased for 
debilitated patients and also when particularly infectious 
organisms are present* For example, Mossel and Oei (1975), 
D'Aouat and Pivnick (1976) and George (1976) have described 
cases where low numbers of salmonellae have caused infection. 
Similarly DuPont and Hornick (1973) showed that 10-100 
shigellae could produce infection in healthy adults. The 
risk of infection due to such organisms must be particularly 
great when the endoscope deposits them directly in the 
duodenum-, thus by-passing the bactericidal effect of the 
gastric juice. In table 1, six of the nine cases of 
exogenous infection were due to salmonellae.
So far it has been assumed that any damage to the 
mucous membranes was unintentional, however, whenever biopsy 
specimens are to be taken the mucous membrane will deliberately 
be ruptured thus allowing free passage of any bacteria present 
into the blood system. It is therefore essential that the 
biopsy forceps are sterile. However, if the biopsy channel 
of the endoscope is contaminated the biopsy forceps are 
likely to pick up this contamination and then introduce it 
into the biopsy site* This provides one reason why endoscopes 
should ideally always be sterile, even when entering a 
normally colonised area, since it is not always known beforehand 
whether or not a biopsy specimen will be required.
So far, only bacterial infections have been 
considered and it is about this subject that most information 
is available. However, infection due to other microorganisms, 
especially viruses, is equally as important and any method 
of disinfection or sterilisation must also be capable of 
dealing with them.
There have been few studies of levels and types 
of contamination of endoscopes. Two examples are Chang et_ al. 
(1973) and Dunkerly _et ad, (1977)* In such studies the number 
of different microorganisms actually looked for and found is 
limited for many reasons. For example, simple bacterial 
sampling would probably not detect bacteria which are 
difficult to grow, such as Mycobacteriurn tuberculosis .
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and strict anaerobes such as Bacteroides sp* In addition, 
parasites such as protozoa and helminths and viruses, 
Mycoplasma, yeasts and filamentous fungi are rarely looked 
for. Those pathogens which may be present only rarely 
would also probably not be detected during a survey of 
endoscope contamination. However, one must be prepared to 
kill all of the above groups and not merely those identified 
by sampling. For this reason sampling has limited value.
One area of particular concern in recent years 
has been that of the hepatitis B virus. Whether or not it 
is likely that this virus has been or could be transmitted 
by endoscopy is disputed by many authors. Although 
transmission of hepatitis B virus by flexible fiberoptic 
endoscopy has not been documented, patients known to be 
hepatitis 3 surface antigen (HB^Ag) positive are sometimes 
denied treatment. In some places a separate endoscope is 
used for these patients and thus there is at least an 
imagined, if not proven, risk of transmission. However, 
there are always emergency cases and patients who are not 
known to be positive at the time of endoscopy but are 
subsequently shown to have been positive at that time. It 
is because of such cases that any disinfection procedure 
employed should be capable of inactivating the virus.
Morgan e_t ad. (1978) and McClelland et al,(l978) have 
described instances where a HB^Ag positive patient had 
undergone endoscopy. Several more endoscopies on other 
patients were performed with the same instruments before it 
was realized that the index patient had been positive at the 
time of endoscopy. Subsequent patients were monitored for 
evidence of hepatitis B virus but no cases of infection 
were found, Morris _et (1975) described a similar case 
in which there was a possibility that one out of 32 subsequent 
patients had picked up HB^Ag from the endoscope. However, 
this patient had also undergone a further endoscopy and an 
inguinal hernia repair in the interval and so the circumstance: 
under which he became HB^Ag positive could not be definitively 
stated. The authors concluded that the risk of transmission 
of HB^Ag by endoscopy v/as small even without effective 
disinfection.
In spite of the above findings, McClelland ^  al.
(1978) demonstrated the ineffectiveness of routine instrument
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cleaning in removing HB Ag by experimentally contaminating 
a gastroscope with^^^I-HB^Ag. Bond and Moncada (1976) looked 
for HB^Ag before and after cleaning a laryngoscope which had 
been used on a HB^Ag positive patient. They found no HB^^Ag 
but subsequent investigation showed that the patient's 
nasogastric aspirate was capable of inactivating large 
amounts of HB^Ag and this may have explained why none was 
detected *
Although the Communicable Disease Centre (1977) 
concluded from experiments and the literature that the 
intestinal route is not an efficient means of hepatitis B 
virus transmission they also stated that the peroral route 
may be a significant transmission mode if the susceptible 
individual has micro-lesions in the oral mucosa, thereby 
permitting access of infectious material to the vascular 
system. As has been shown earlier, even if biopsy specimens 
are not taken during endoscopy there is a risk that lesions 
in the mucous membranes may allow passage of virus into the 
blood and thus transmission of hepatitis B virus is at least 
a theoretical possibility although it has not been demonstrated 
in practice*
To summarize, there is a theoretical need for 
sterilization of endoscopes and a proven practical need for 
improved disinfection methods, if not sterilization. Methods 
available for the disinfection and sterilization of endoscopes 
will now be considered*
1.6,h,1*3*2 Sterilization methods available for endoscopes
The four sterilization methods, described earlier 
(1.2.2) are heat, filtration, radiation and chemicals. 
Filtration is only applicable to liquids and gases and not 
to surgical equipment. Radiation is rarely available in 
hospitals due to the cost and bulk of the equipment. There 
is also the danger that the lenses of endoscopes would be 
yellowed and damaged by radiation sterilization.
Heat sterilization cannot be used for flexible 
fibpsoptic endoscopes since penetration of water vapour into 
the control section during autoclavlng, and the temperatures 
involved in both autoclaving and dry heat sterilization 
would cause irreparable damage. However, many of the 
accessories associated with the endoscope, such as biopsy 
forceps and cleaning brushes, will withstand autoclaving and,
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being relatively cheap, several of' each can be purchased 
and sterile supplies can therefore always be available*
The detachable fibre-light cables used with rigid endoscopes 
will usually withstand autoclaving and some of the rigid 
telescopes themselves can also be autoclaved* However the 
temperature limit for rigid telescopes is often set at 
120'^G by the manufacturers and some manufacturers (for 
example Stortz Ltd.) state that alternative methods are to 
be preferred since continued steam sterilization may impair 
light transmission. Dry heat sterilization cannot be used 
for telescopes or accessories since the high temperatures 
involved will cause damage.
Gaseous sterilization with ethylene oxide is 
available for both rigid and flexible fibre-optic endoscopes 
although the vacuum drawn in some chambers may cause damage 
to some instruments e. However, an ethylene oxide sterilizer 
that is especially designed for fibre-optic endoscopes has 
been produced by American Cystoscope Makers Incorporated 
(ACMI)* The advantages and disadvantages of ethylene oxide 
as a sterilising agent have been discussed earlier (1,2.2*2*1) 
but the main disadvantage relating to endoscopes is the 
long cycle time* Because of the high cost of flexible fibre- 
optic endoscopes (several thousand pounds) departments may 
possess only one or tw^ o and yet hold endoscopy sessions in 
which a dozen or more patients may be examined. The time 
available for disinfection or sterilization of an instrument 
between patients may thus be as little as 15 minutes.
Ethylene oxide can therefore only be used at the end of a 
session and another, rapid sterilization method is required 
for treatment of instruments between patients,
Formaldehyde vapour is an alternative gaseous 
sterilising agent to ethylene oxide but it suffers from t he 
same disadvantages and is less reliable. A study by Dineen 
(1961) showed that formaldehyde cabinets although frequently 
used are unsatisfactory for the sterilization of endoscopes.
Low temperature steam plus formaldehyde (1,2.2.3) 
may be used for rigid endoscopes which are hermetically sealed 
but due to penetration of water vapour, must not be used for 
flexible fibre-optic endoscopes*
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Flexible fibre-optic endoscopes cannot be 
totally immersed in liquids and thus liquid, sterilants 
cannot be used to sterilize the whole instrument,, Rigid 
endoscopes however can be fully immersed* The sporicidal 
liquids (i.e. sterilants) available are chlorine compounds, 
iodine and iodophors and aldehydes* Chlorine containing 
liquids are generally too corrosive for use with surgical 
instruments but iodophors and buffered glutaraldehyde 
(Cidex - a two per cent, solution) are frequently used.
The cost and time required for sterilization are two 
disadvantages of these liquids and heat sterilization of 
rigid endoscopes is more reliable and preferable whenever 
possible. .Although flexible fibre-optic endoscopes cannot 
be totally immersed, the liquids just mentioned can be,and 
are, used for flushing through and soaking the internal 
channels and insertion tube, However, the time required 
for sterilization again precludes their use between 
successive patients on a list and these fluids are generally 
used as disinfectants rather than sterilants*
Thus, although sterilization methods are available 
for rigid endoscopes and accessories, there is at present 
no method of sterilization of flexible endoscopes which can 
be used between patients on a list* Ethylene oxide requires 
an unreasonably long cycle time but it can be used at the 
end of a list or when an endoscope has been used on a patient 
known to be harbouring an infectious disease. If a liquid 
sterilant was available which would sterilize the insertion 
tube and inner channels within about 15 minutes this would 
be a great improvement although i deally a method for complete 
sterilisation of the whole instrument withina reasonable time 
period is required*
1*6.b.1*3.3 Disinfection methods available for endoscopes
Since routine sterilisation of endoscopes is often 
not possible, disinfection methods are frequently used. 
Disinfection methods,described earlier (1,2.3) and which ro.ay 
be applicable to endoscopes, include heat, gaseous chemicals 
and liquid chemicals.
Methods of heat disinfection (boiling, pasteurization 
and low-temperature steam) are only applicable to rigid 
hermetically sealed endoscopes. Pasteurization has been 
recommended by Francis (1959, 1961) and others for the
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disinfection of rigid endoscopes and has often been used 
for cystoscopes* It is preferable to boiling which may 
cause damage due to bumping and differential expansion of 
glass and metal components. The disadvantage of pasteurization 
is that although it can be performed locally, instruments 
cannot be stored in a disinfected state ready for use.
Low“temperature steam disinfection can provide 
a dry Instrument pre-packed in a container ready for use 
and its application to rigid endoscopes has been described 
by Alder a 1 . (1971), Mitchell and Alder (1975) and 
Ayliffe ^  (1977)» The addition of formaldehyde to the
chamber may make it possible to sterilize the instruments 
and this has been investigated by Gibson (1977). However, 
this method is not yet fully developed and cannot be used 
for flexible fibre-optic endoscopes. There have also been 
reports of damage to rigid endoscopes which had previously 
been disinfected in an alcoholic chlorhexidine solution.
It is thought that the disinfectant may have weakened the 
sealing on the lenses which under reduced pressure allowed 
steam to enter the lens system (Mitchell and Alder, 1975; 
SimmondSj 1976).
Gaseous chemical disinfection may be applied both 
to rigid and flexible fibre-optic endoscopes and formaldehyde 
is often considered to be a disinfectant rather than a 
star Han't.
Rigid endoscopes which are fully iramersible may 
also be disinfected with liquid chemical disinfectants.
The chemicals available are however less reliable than heat 
due to inactivation by traces of organic matter, misuse and 
other factors. As with pasteurization the instruments cannot 
subsequently be easily stored in a disinfected state ready 
for use* Rinsing of instruments after chemical disinfection 
is also necessary in many cases and this introduces the 
possibility of recontamination. The chemicals most commonly 
used are chlorhexidine and glutaraldehyde and both require 
rinsing off before use of the instrument. Alcoholic 
chlorhexidine (0.5 per cent,in 70 per cent,methylated spirit 
B.P.G) is often used but weakening of the lens mountings due 
to the solvent action of the spirit may occur after frequent 
usage *
Disinfection of the internal channels of flexible 
fibre-optic endoscopes can also be accomplished by the use
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of liquid chemical dibinfectante although care must be 
taken to ensure that liquids do not enter the optical 
system. The complete instrument must therefore never be 
completely immersed in a liquid disinfectant. Many 
disinfectants have been used, with varying degrees of success*
Quaternary ammonium compounds and diguanides are 
not generally recommended for instrument disinfection although 
there are several reports of their use for the disinfection 
of flexible fibre-optic endoscopes. Both Tuffnell (1976) 
and Greene et ( 1974) reported cases of infection due
to contaminated endoscopes after routine cleaning with 
quaternary ammonium compounds and Noy e_t (1977) reported 
oral colonisation of several patients with a Pseudomonas sp, 
of the same type as that grown from a gastroscope routinely 
cleaned with Savlon (chlorhexidine + centrimid.e) . Chang 
et (1973) and Oarr-Locke and Clayton (1978) also found 
these groups of compounds to be inadequate in disinfecting 
the colonofibrescope and an upper gastro-intestinal endoscope 
respectively. However, Kate and Matsushima (l97h) recommended 
a disinfection method using benzalkonium chloride and 
Morris et (1975) demonstrated the lack of transmission 
of hepatitis B virus by an endoscope disinfected only with 
Savlon. However, this does not necessarily indicate that 
adequate disinfection had been accomplished.
Hexachlorophane-soap preparations such as 'PhisoKex' 
are frequently mentioned in reports of methods of disinfection 
of endoscopes. They should however be used as detergents 
rather than as disinfectants and are therefore of use in 
cleaning endoscopes before application of a chemical 
disinfectant. Dunkerley et, (1977) demonstrated that 
routine hexachlorophane cleaning left upper gastrointestinal 
endoscopes grossly contaminated whereas use of the same 
uncontrolled technique with povidone-iodine rendered nine out 
of fifteen endoscopes sterile and controlled exposure to 
povidone-iodine (four minutes with a concentration of 
0,0035 per cent.) rendered all of the endoscopes sterile.
Gases of salmonella infections acquired from contaminated 
endoscopes which had been cleaned with hexachlorophane have 
also been documented, (Dean, 1977; G.D.G. 1977a)» However 
cleansing is a very important pre-requisite of chemical
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disinfection (Gockel, 1978; Elford, 1978) and hexachlorophane 
soaps may he used in this capacity.
Alcohol is a good drying agent and hence may be 
very useful as a f inal rinse for the inner channels of 
the instruments (Haglof, 1976) since leaving the channels 
wet during storage allows the multiplication of any bacteria 
still present, Howevei* alcohol alone has been shown to be 
an ineffective disinfectant for endoscopes, (Axon et al*,
1974; Slson et ajl. 1975; Tolon ^  ad* 1976; Vall-Spinosa 
and Webb, 1975)* Vall-Spinosa and Webb (1975) reported a 
Serrâtla marcescans outbreak due to a gastroscope cleaned 
only with saline and 70 per cent, ethanol and Elson et al»
(1975) reported a case of polymicrobial sepsis and 
cholangitis in which endoscopy equipment disinfected with 
alcohol, was strongly implicated as the source of infection, 
Iodophors, although expensive, are good 
disinfectants* This has been demonstrated in the field of 
endoscope disinfection by many authors. In many cases 
failures with various other disinfectants led to a changing 
of procedures and techniques and to the adoption of an 
iodophor as the disinfectant. This was described by 
Tuffnell (1976), G,D,C, (1977a) and Dunkerley pjt (1977) 
with upper gastrointestinal endoscopes and Vall-Spinosa and 
Webb (1975) and Weinstein et (1977) with bronchoscopes.
All found the iodophors to be effective disinfectants.
Suratt e^ ad. (1976) recommended cleaning with a hexachlorophane 
detergent followed by suction of a solution of povidone-iodine 
and described a method, requiring only five minutes, which 
was effective against aerobic bacteria, fungi, mycobacteria 
and viruses» Lindstaedt e^ ad, (1978) stressed the importance 
of disinfection of all parts of the endoscope system including 
accessories such as water bottles, and recommended a two stage 
process for the disinfection of the channels of the endoscope 
Itself, Between patients on a list he recommended the use 
of an iodophor with a longer soak in glutaraldehyde at the 
end of a session*
Glutaraldehyde is the only other disinfectant of 
importance in the field of endoscope disinfection. Together 
with the iodophors it appears to be one of the most efficient 
solutions available although like the iodophors it is relatively
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expensive. It also suffers from the disadvantage that 
11 must be rinsed off after use, and m.ay require a longer 
contact time with the instrument than the iodophors*
H'aglOi (1976) suggested a minimum of 30 minutes and 
Stahlsforth and Clarke (19?6) 25 minutes. Glutaraldehyde 
is usually used as a buffered two per cent.solution known 
as Cidex and there are many reports of cases where 
glutaraldehyde has been adopted after failures with other 
disinfectants* (Noy et_ a^ l, 1977; Tolon ejt H * 1976; Axon 
et al. 1974; Carr-Locke and Clayton 1978; Elson ^  1973)»
Baas (1977) described a machine for 'automatic disinfection' 
of flexible endoscopes* It is composed of a U-shaped pipe 
Interconnected with a pumping system whereby a chemical 
disinfectant can be continually flushed through the inner 
channels* He found that two per cent.glutaraldehyde, 
five per cent, succindialdehyde or one per cent.peracetic acid 
all gave effective disinfection when used in this machine*
Axon ^  (1 9 7 4) described the preparation of activated
buffered glutaraldehyde in the hospital pharmacy, thus reducing 
the cost of the disinfectant and Haglof (1976) also recommended 
the use of glutaraldehyde but stressed the importance of 
initial cleaning and final drying of the channels if the 
disinfection process is to be effective.
There has however been at least one report of the 
ineffectiveness of glutaraldehyde as a disinfectant. Postic 
et al* (1978) described problems of a bronchofibrescope 
contaminated with Pseudomonas aeruginosa, Bronchial aspirates 
obtained via the endoscope showed that an unusually large 
number contained Pseudomonas aeruginosa all of the same 
serotype* This organism was obviously contaminating the 
endoscope. During this period the endoscope had been routinely 
disinfected between patients with Cidex which was left in 
the channels for ten minutes* It would appear that this was 
either insufficient time for the Gidex to work, that the 
channels were not initially cleaned, that the Cidex was not 
being drawn into the channels efficiently or that the Cidex 
was t GO old and v/as therefore not working as it should have 
done* (The manufacturers recommend that the Gidex can be re-used 
for up to 14 days but this has been challenged by many authors 
including Kelsey ^  (1974)). Postic et H »  (1978) also
showed that the organism (Ps. aeruginosa) was able to grow
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in a trypticase-soya broth containing 20 per cent.
Cidex* This case indicates the problems which may be 
encountered when a disinfectant is used incorrectly.
Incorrect usage may well explain the failures in disinfection 
encountered with-some of Mis disinfectants just described, 
but nevertheless it has been sliown that iodophors or 
glutaraldehyde are the best choices of liquid chemical 
disinfectant presently available for endoscopes.
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1 » 7 SOME OUTSTANDING PROBLEMS IN THE FIELD OffSTERILIZATION AND'DISINFECTION OF HEAT-LABILE 'SURGICAL EQUIPMENT
The use of complex surgical equipment, such as
fibre-optic endoscopes, has increased rapidly in the last
ten years but the problems of microbial contamination and
the dangers of infection of patients due to inadequate
disinfection and sterilization of the instruments have largely
been ignored*
Although the. numbers of reported infections due
to endoscopy, for example, are small in comparison with
the large number of endoscopies carried out, the reasons for
this have been discussed (1.6,4.1,pel) and there has been
shown to be a theoretical danger of infection always present*
This theoretical risk of infection is greatly increased when
patients are debilitated, when biopsy specimens are taken and
when endoscopes which penetrate sterile tissues (such as
arthroscopes and laparoscopes) are used*
Little work has been done to determine the actual
level and type of microbial contamination of different
endoscopes during storage and use, and any increased knowledge
which could be obtained on these subjects could provide
useful information as to the type of sterilization or
disinfection required* Although, as was discussed, earlier
( 1.6*4*1.3*1), such an investigation would have certain
limitations, valuable Information which would contribute to
the general field of knowledge could be acquired.
The literature studies reported in section 1*6,4.1 «-3»!
showed that the risks of infection present are higher than
they need be if better cleaning and disinfection procedures
were used. Several studies were reported where improved
disinfection techniques led to reduced bacteriological
contamination* Thus any improved method of disinfection
or sterilization of endoscopes which could be developed would
decrease the risks of infection.
It is apparent that there is an immediate need for
a sporicidal chemical disinfectant which can be used for the
treatment of any heat-labile surgical equipment, not only
endoscopes* Such a disinfectant should be gulek-acting so
that it could be used for equipment, such as endoscopes,
between patients on a list* Certain equipment cannot be
immersed in liquid and the ideal requirement would therefore
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be for a gas. In the absence of a gaseous agent, a liquid 
which could be used to treat the internal channels of 
instruments such as endoscopes, and achieve sterility in 
15 minutes or less, is required. The chemical should be 
non-corrosive, non-toxic, have a full range of antimicrobial 
activity and work at ambient temperatures* Liquids should 
remain stable for at least 24 hours since it would probably 
be impracticable to prepare fresh solutions more frequently 
than once daily. There are no agents at present available 
which fulfill all of these conditions,
Kelsey ejb al, (1974) investigated the sporicidal 
activity of several hospital disinfectants. Only two per 
cent.glutaraldehyde (Gidex) and strong sodium hypochlorite 
solution showed appreciable sporicidal activity* However,
Gidex required at least three hours to work and strong 
hypochlorite solutions are corrosive, thus neither fulfill 
the requirements stated above*
The same authors also studied the sporicidal 
activity of mixtures of methanol (25 and 50 per cent.) and 
sodium hypochlorite (2,000 p.p.m. av.Gl.). Although unstable, 
these mixtures possessed better sporicidal activity than 
any of the other disinfectants tested. Further study of 
alcohol/hypochlorite formulations could perhaps suggest a 
mixture which could be developed for the rapid sterilization 
of heat-labile surgical instruments.
N1 THS POTENTIAL USE OF HYPOCHLORITE FORMULATIONS FORTHE STERILIZATION OF ENDOSCOPES AND OTHER SURGICAL EQUIPMENT "
The aim of the research described in this thesis 
v/as to investigate the possibility of developing a hypochlorite- 
based liquid chemical sterilant which could be used at room 
temperature to rapidly sterilize heat-labile equipment such 
as fibre-optic endoscopes. To this end, a detailed 
investigation into the physical, chemical and biological 
properties of mixtures containing alcohols (methanol, ethanol, 
propan-l-ol, propan-2-ol, ethanediol) and sodium hypochlorite, 
was necessary. The use of different concentrations of alcohol 
and hypochlorite and the effect of buffering fixtures over a 
range of pH's was investigated in order to try to obtain a 
useful formulation. Physical and chemical properties were 
studied in conjunction with biological activity since
03
formulation of a very active sporicide v/hlch was extremely 
unstable or corrosive would be of little practical use.
An investigation of the bacterial contamination 
of encoscopss used In two hospitals was carried out in order 
to determine the level of the problem to be tackled, and the 
effectiveness of the disinfection procédures carried out by 
the users was evaluated* The possible application of a 
hypochlorite formulation for sterilisation of flexible 
fibre-optic endoscopes was considered and thus a study of 
the damage caused to endoscope components by chlorine- 
containing solutions was carried out, Finally, a laboratory 
trial of the use of a hypochlorite solution for treatment 
of an artificially contaminated fibre-optic endoscope was 
carried out with a view to subsequent trials in hospital 
endoscopy sessionsc
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1.7.2 OUTLINE PLAh OP THE WORK UNDERTAKEN
The section of the Results in which each piece of
work is described is listed,
Section 3.1 Control experiments - in order to determine
the optiif.Lim conditions under which 
subsequent experiments would be performed.
This section includes experiments to monitor 
the resistance of spore suspensions and to 
study conditions, such as incubation 
temperat are and media, required for optimum 
recovery of disinfectant treated spores.
Section 3.2 A study of the properties of alcohols,
hypochlorites, and alcohol/hypochlorite 
mixtures as applicable to their use as 
d i s 1 n f e c t a n t s „
3.2*1 Alcohols - sporicidal and bactericidal
activity of methanol,, ethanol, propan-l-ol,. 
propan-2-ol and ethanediol,
3.2.2 Hypochior11es ~ stability, sporicida1 and 
bactericidal activity, corrosion of metals 
and the effect of pH on these properties.
3.2.3 A1 cohol/hypoohlorite mixtures -•» temperature 
and pH changes when alcohols and hypochlorites 
are mixed; stability and the effect of pH; 
sporicidal activity and the effect of pH ; 
bactericidal activitythe effect of organic 
matter on activity; possible mechanism of 
action including some electron microscopy of 
disinfectant treated spores and various other 
experiments.
Section 3.3 Endoscopy - levels of bacterial contamination
of endoscopes used in two hospitals; 
effectiveness of disinfection methods used; 
application of hypochlorite formulations to 
endoscopes; corrosion of endoscopes by such 
formulations.
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2 MATERIALS AND METHODS
2.1 CULTURES
2.1.1 Strains used
2.1.2 Maintenance of cultures
2.2 MEDIA
2.2.1 Maintenance and propagation media
2.2.2 Sporulation media
2.2.3 Inactivation media and diluents
2.2.4 Recovery media
2.2.5 Miscellaneous media
2.3 DISINFECTANTS
2.3.1 Preparation of disinfectant mixtures
2.3.1.1 Alcohols
2*3.1.2 Hypochlorite solutions
2.3.1.3 Buffer solutions
2.3.1.4 Unbuffered mixtures
2.3.1.5 Buffered mixtures
2.3.2 pH measurement
2.3.3 Titration of available chlorine
2.3.3.1 Thiosulphate method
2.3.3.2 Arsenite method
2*3.4 Checking disinfectant inactivators
2*4 INVESTIGATION OF SPORICIDAL ACTIVITY
2.4.1 Preparation of spore suspensions
2.4.1.1 Bacillus subtilis
2.4.1.2 Clostridium sporogenes
2.4.1.3 Clostridium perfringens
2.4.2 Monitoring changes in stored suspensions
2.4.2.1 Viable count
2.4.2.2 Resistance to sodium hypochlorite
2.4.2.3 Resistance to heat
2*4.3 Measurement of sporicidal activity
2 .4 .3 .1 Activity of disinfectants against spore suspensions 
2*4.3.1.1 Membrane filtration
2 .4 .3 .2 Activity of disinfectants against dried spores
2 .4 .3 .2.1 Goverslip method
2 .4 .3 .2*2 Microscope slide method
2.4.4 Preparation of organic matter suspensions
2*4.4 .1  Yeast suspensions
2 .4 .4 .2 Serum suspensions
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2.5 INVESTIGATION OF DISINFECTANT ACTIVITY AGAINSTNON-SPORING ORGANISMS
2.5.1 Propagation of cultures
2,5«‘2 Measurement of activity
2,5*2', 1 Suspension test
2.5*2.2 Capacity test
2.6 NSPHELOMETRY
2.7 ENDOSCOPY
2.7.1 Endoscopes used in studies
2.7*2 Bacteriological sampling
2,7*3 Culturing of samples
2,7*4 Identification of isolates
2,7.5 Artificial contamination and decontamination ofan endoscope
2.7*6 Corrosion of endoscope components
2.8 ELECTRON MICROSCOPY
2.8.1 Negative staining technique
2.8.2 Preparation of spore sections
97
2.1 CULTURES
2.1.1 STILAINS USED
(a) Bacillus subtilis var globigii NGTO 10073
The spores of this strain were shown by Kelsey
et al. (1974) to be the most resistant of four strains tested 
against alcohol-hypochlorite mixtures, B,subtilis spores 
have also frequently been used (Beeby and Whitehouse, 1965) 
in the testing of ethylene oxide sterilization processes.
The advantages of this strain are many. It is easy to grow, 
it readily produces spores which survive well and it can 
easily be recognized on recovery, (due to its orange pigment) 
thus precluding invalid results due to incidental contamination.
(b) Clostridium nerfringens type A NGTO 6719
Collee and Watt (l97l) found that whereas, the
classical strains of C .perfringens are relatively sensitive 
to heat, spores of 0 .perfringens in general were markedly 
resistant to most antimicrobial chemicals. Dye and Mead (1972) 
tested several strains of clostridia and found this strain 
to be the one most resistant to chlorine. The disadvantage 
of C .perfringens as a test organism is its reluctance to 
produce spores. Since production of spores in large enough 
numbers to test was found to be difficult another Clostridium 
strain was also chosen.
(c) Clostridium sporogenes NGTC 276
This is the NGTC designated test strain for low 
temperature steam and formaldehyde sterilizers.
(d) Mycobacterium fortuitum NGTC 8573
The resistance of the acid-fast bacteria to chemical 
disinfectants may be considered as being intermediate between 
vegetative bacteria and bacterial spores (Spaulding, 1968),
This strain is an NGTC designated disinfectant test strain 
and is used in the Laboratory of the Government Chemist^ 
test for disinfectants designed for use against Mycobacterium 
tuberculosis,
(e) Staphylococcus aureus NGTC 4163
This strain, and strains (f), (g) and (h) below, 
are strains previously chosen for disinfectant testing 
(Kelsey and Sykes, 1969; Kelsey and Maurer, 1974) because 
of their importance in the hospital field and their known 
high resistance to disinfectants. They are all NGTC designated 
disinfectant test strains.
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( f) eudolïionas aeruginosa var erythrogenesNGTCT7ÏÏ9
Strains of Pseuedomonas are particularly capable 
of developing resistance to certain chemical disinfectants 
(Maurer, 1974).
(g) Proteus vulgaris NGTC 4635
(h) Escherichia coli NGTC 8196
(i) Candida albicans type A NCPP 3153
This is the type strain and was chosen by Maurer
(1973) for use in a disinfectant screening test.
(j) Pseudomonas putida - wild type
This strain was isolated during bacteriological 
sampling of endoscopes, and was used in subsequent artificial 
contamination tests. It was identified using the API 
system (2.2.5(d)) as Ps,fluorescens gp. but no fluorescence 
was produced on King'sB agar. The NCTG computer identification 
service subsequently identified the isolate as Pseudomonas 
putida with an unusual result of starch hydrolysis positive. 
They also found King's B to be negative for fluorescein 
production but this is likely in 35 per cent, of all isolates.
2*1.2 MAINTENANCE OF CULTURES
Cultures of the test organisms were originally
prepared from freeze-dried samples in ampoules supplied by 
the culture collections. Thereafter, long term maintenance 
was on agar slopes for all except the anaerobic strains which 
were kept in Robertson's cooked meat medium. All were stored 
in the dark at room temperature. Dorset's egg medium slopes 
were used for M.fortuitum and C.albicans and nutrient agar 
slopes for all other aerobic strains. All test organisms 
were subcultured every six months and identity and purity 
checked by plating onto solid media and observing colony 
morphology, microscopical morphology (Gram stained) and the 
following additional characteristics.
S.aureus - coagulase positive (tube method)
Ps.aeruginosa - production of red/brown pigment
in liquid media (and pyocyanin 
on King's A medium) (Cowan,1974). 
Antibiotic sensitivity profiles - See Appendix I,
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2.2 MEDIA
2.2.1 MAINTENANCE AND PROPAGATION MEDIA
(a) Bacto Synthetic Broth (Wright and Mundy, I960)
Difco Ltd. AÛAC code No.0352
10 per cent, sterile dextrose solution was added to 
the broth before use to give a final concentration of 
0.1 per cent, dextrose,
(b) Sabouraud's Dextrose Broth - Oxoid Ltd,
(c) Nutrient Broth. Single Strength - Oxoid No.2 GM6 7 .
(d) Robertson's Cooked Meat Medium (Cowan, 1974)*
(0) Dubos Broth (Baker, I967).
(f) Nutrient Agar - Nutrient broth (2,2,1 (c)) 25g
Davis New Zealand Agar 12g
Distilled Water to 1 litre
( g) Dorset Egg Mediüm (Cowan, 1974)*
2.2.2 SPORULATION MEDIA
(a) Sporulation agar (Beeby and Whitehouse, I9 6 5)
Oxoid Nutrient Broth (No,2) 6,00g
Manganese sulphate 0.03g
Potassium dihydrogen orthophosphate 0.25g
Oxoid agar (No.3) 12,00g
Distilled water to one litre
(b) Robertson's Cooked Meat Medium (Cowan, 1974)
(c) Cooked Meat Agar (Dye and Mead, 1972)
Cooked Meat Medium was macerated to a paste and 
■ New Zealand agar added to give a final
concentration of 1,2 per cent.
2.2.3 INACTIVATOR MEDIA AND KLUENTS
(a) Nutrient Broth (see 2.2.1 (c))
(b) Tween 80 Broth
Nutrient broth containing 3 per cent. Tween 80.
(c) Sodium thiosulphate (Na^SgO^bH^O)
AnalaR - Hopkin and Williams Ltd. 0.5 per cent, 
solution prepared using distilled water.
Distributed in nine ml amounts and autoclaved at 
121°C for 15 minutes.
(d) Quarter strength Ringer's solution - Oxoid Ltd, B.R.52 
One tablet dissolved in 500 ml distilled water, 
distributed in nine ml amounts and autoclaved at 121^0 
for 15 minutes,
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(e) WHO Standard Hard Water,
Magnesium chloride (MgClgGH^O) 0,139g
Calcium chloride (Anhydrous) (CaGl^) 0,304g
Distilled water to one litre
Autoclaved at 121^G for 15 minutes in 100 ml volumes
2,2.4 RECOVERY MEDIA
(a) Nutrient agar (see 2,2,1 (f)).
(b) Blood agar
Nutrient agar containing five per cent, defibrinated horse blood.
(c) Sabouraud’s Dextrose Agar - Oxoid Ltd.
(d) Mac Conkey Agar - Oxoid Ltd,
'.2,2,5 MISCELLANEOUS MEDIA
(a) Clowes and Hayes Minimal Medium (Clowes and Hayes,1968)
(b) Stuart's Transport Medium (Baker, 196?)
(c) Media used for biochemical tests for identification 
of isolates from fibre-optic endoscopes (Cowan, 1974 
and NGTC, 1976).
(d) API microtube system for identification of 
enterobacteriaceae (API 20E, API Laboratory Products Ltd,)
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2.3 DISINFEaTANTG
2.3.1 PREPARATION OF DISINFECTANT MIXTURES
2.3.1-1 Alcohols
Methanol (AnalaR) - Hopkin and Williams Ltd.?H - C - OHtH
Ethanol (absolute) - James Burrough Ltd.
Î  ?H ~ G - C - OH 
H H
Propan-l-ol (AnalaR) ~ Hopkin and Williams Ltd. 
(normal-propanol)
» ? ÏH — G — G — C — OH I I IH H H
Propan-2-ol (AnalaR) - Hopkin and Williams Ltd.
(iso-propanol)
HiH - CA ^Pj CH - OH
I ^H - C 
H
Ethanediol (S.L.R.) - Fisons Ltd.
■ ?H - ^ - OH
H - C - OH IH
All were found to be sterile using a membrane 
filtration technique.
2.3.1*2 Hypochlorite solutions
Sodium hypochlorite solution (10-14 per cent, w/v 
available chlorine) - BDH Ltd. was diluted in distilled water, 
WHO standard hard water (2.2.3(e)) or buffer solution (2.3.1.3) 
as required.
2.3.1.3 Buffer solutions
Buffer solutions were prepared as described by 
Gomori (1955) and were used as follows:-
pH 5.0 - 7.0 citrate - phosphate
pH 7.3 ” 8,0 phosphate
pH 8.0 - 9.0 boric acid - borax
pH 9.9 - 10.0 borax - sodium hydroxide
stock solutions of the reagents below were prepared using 
sterile distilled water as diluent.
Borax (di-sodium tetraborate - Na^B^O^lO ;
AnalaR - BDH Ltd. |
Boric acid (B(OI^) - BDH Ltd.
Citric acid ( C( OH)(COOH)(CH^GOOH)^ HgO)
AnalaR - BDH Ltd.
Monobasic sodium phosphate (NaH^PO^PH^O)
AnalaR ~ BDH Ltd*
Dibasic sodium phosphate (NagHPO^lSH^O)
Analytical reagent - Fisons Ltd.
Sodium hydroxide (NaOH) - BDH Ltd.
2,3.IJ4 Unbuffered mixtures
All test mixtures were freshly prepared at the 
start of each experiment and kept at 25^0 throughout the 
period of test.
The required amount of alcohol was added, by 
pipette, to sterile distilled water contained in a measuring 
cylinder. This was mixed well and if a rise in temperature 
occurred the mixture was allowed to cool to 23^0 before adding 
the required volume of sodium hypochlorite solution. The 
experiments were timed from the time of addition of the 
sodium hypochlorite.
2.3*1.5 Buffered mixtures
The same procedure as for preparation of unbuffered 
mixtures was followed, except that the distilled water was 
replaced with buffer solution of the required pH*
2 .3 .2  pH MEASUREMENT
All pH measurements were made using a Phillips 
PW,94l8 pH meter fitted with separate glass and reference 
electrodes. The reference electrode had a ground glass 
.sleeve which provided a large liquid junction, since problems 
in measuring the pH in organic solvents are sometimes 
encountered with the normal type of reference electrode,
2 .3 .3  TITRATION OF AVAILABLE CHLORINE 
Reagents
Potassium iodide - 20 per cent, w/v solution in water.
Acetic acid ~ BPG - (contains 32,5 - 33.5 per cent, w/v
Sodium thiosulphate - O.IN solution in water.
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Sodium arsenite solution - O 0I4IN (available as a 
standardised and stabilised solution) AnalaR 
Hopkin and Williams Ltd,
Starch/potassium iodide papers - Johnsons of Hendon Ltd. 
Chemical Assay of Available Chlorine
A thiosulphate titration method was compared with 
an arsenite titration method for the assay of available 
chlorine in hypochlorite solutions and alcohol/hypochlorite 
mixtures. The arsenite method was adopted for various 
reasons :-
(i) The thiosulphate assay measures not only free 
. available chlorine but also certain decomposition 
products such as chlorate and chlorite* Thus an 
incorrect result is obtained.
(ii) Dilute thiosulphate solutions deteriorate quite
rapidly. Thus fresh solutions should be prepared 
and standardised daily, 0*141 N sodium arsenite 
solution is stable and standardised,
(ill) Thiosulphate solutions must be standardised,
against potassium permanganate or potassium iodate, 
or prepared from ampoules of concentrated volumetric 
solution*
(iv) The arsenite titration gives directly the result
as grams/litre of available chlorine in the sample 
whereas the thiosulphate method requires a 
calculation*
2 *3 =3 .1 Thiosulphate method
The method is based on the British Pharmaceutical 
Codex (1973) method for assay of available chlorine in Dakin's 
solution and may be used to assay the content of available 
chlorine in solutions containing 0*01 - 1,0 per cent,
(i.e. 100 ” 10,000 p*p*m.).
Ten ml of sample are placed in a flask and five ml 
of potassium iodide solution (20 per cent, w/v) and four ml 
acetic acid (3.P.O.) are added to it*. The liberated iodine 
is then titrated with sodiuEi thiosulphate solution (0*1 N) 
which is contained in the burette. Each ml of 0*1 N 
thiosulphate added is equivalent to 0*0034-5g of available 
chlorine*
If less than ten ml of sample is available, the 
quantities of potassium iodide and acetic acid used can be 
proportionately reduced. For samples believed to contain
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more than one per cent» available chlorine, the sample 
should be appropriately diluted before■titrating»
2,3*3*2 Arsenite method
The method is based on that described by Vogel (1951)* 
Several versions of the method are documented, for example 
British Standards Institute (1969); British Pharmaceutical 
Codex (1973). The version used was suggested by Richardson- 
Merrell Ltd. and was selected for its simplicity. The method 
was found to be suitable for assaying available chlorine 
levels from 0,001 - 1.0 per cent. (i.e. 10 - 10,000 p.p.m»).
Five ml of sample, contained in a conical flask, 
is titrated against O.lhlN sodium arsenite contained in the 
burette. The end-point occurs when a drop of solution 
withdrawn on a thin glass rod fails to produce a blue 
colouration on the starch/potassium iodide paper. The 
titration should then be repeated, this time running in 
the sodium arsenite to within 0.2 ml of the previous end-point 
and then proceeding carefully to the end-point.
The titration (millilitres of 0,141 N sodium arsenite) 
gives directly the result as grams per litre of available 
chlorine in the sample.
Appropriate dilution of either hypochlorite or 
arsenite solution is necessary when assaying strong or very 
weak concentrations of available chlorine in order to give 
a titration volume which is within the limits of 5 - 25 ml.
It was demonstrated that the presence of alcohol 
in alcohol/hypochlorite mixtures did not affect either the 
thiosulphate or the arsenite titration method.
The chemical reactions occurring in each assay are 
given in Appendix II,
2.3.4 METHOD FOR CHECKING DISINFECTANT INAOTIVATORS
The method used was based on the method described 
by the British Standards Institution (i960). In this B.S. 
method three tubes of liquids are prepared;-
(a) a mixture of inactivator broth and disinfectant
in the ratios and concentrations to be used in the 
disinfectant test.
(b) a similar mixture of inactivator and water.
(c) water alone
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In addition to these three tubes, a fourth tube was set up;-
(d) water and disinfectant in the same ratios and 
concentrations as inactivator and disinfectant 
This fourth tube v/as used to provide extra information about 
the activity of the disinfectant under these conditions.
Each of the four tubes was inoculated with a 
suspension of test organisms and immediately after this 
inoculation a sample was removed from each in order to count 
the number of survivors. The volume of suspension added 
and sample removed, the concentration of test organisms added, 
and the requirement for diluting after removal of sample, 
varied according to the situation for which the inactivator 
was being tested. Further samples were removed at 30 and 60 
minutes. Plates were incubated at 32^0 and colonies counted 
after 48 hours. Plates showing less than ten colonies were 
kept for up to one week before recording the final result. 
Interpretation of results was as follows:- 
A reduction of count with time in (a) indicated that the 
inactivator was not effective in neutralising the disinfectant. 
A reduction of count with time in (b) indicated that the 
inactivator itself was inhibitory to the test organism.
(c) acted as a control and (d) indicated the effect of the 
disinfectant on the test organism in the concentration present 
after . : dilution in a volume equal to that of the inactivator.
106
2 o4 INVESTIGATION OF SPORICIDAL ACTIVITY
2.4.1 PREPARATION OF SPGRE__SU3PKNSI0NS
2.4.1.1. Bacillus subtilis (NGTC 10073)
Stock suspensions of B»subtilis spores in distilled 
water were prepared as described by Beeby and Whitehouse (I9 63) 
and stored at 4^G throughout the period of study. Kelsey 
et al. (1974) in t heir study of the sporicidal activity of 
disinfectants chose this method for the production of 
Bacillus spores after comparison of several other methods 
which employed synthetic sporulation media.
The suspensions were found to contain 10^ - 10^^ 
spores per ml. Viable counts and resistance to heat and 
sodium hypochlorite were checked periodically in order to 
monitor any changes which may have occurred during storage 
(see section 2.4*2).
2.4.1.2 Clostridium sporogenes (NCTG 276)
Both the sporulation agar of Beeby and Whitehouse 
(1965) and cooked meat agar (Dye and Mead, 1972) supported 
the production of spores but the yield was greater on the 
latter. Cooked meat agar (OMA) was adopted and used as 
follows;- A suspension of G ,sporogenes in quarter strength 
Ringer's solution was obtained by scraping growth from a 
three day culture on QUA, This suspension was used to 
inoculate six CLilA plates which were subsequently incubated 
anaerobically (9 0 :1 0 v/v HgZCOg) at 32°G for four days.
Growth was harvested using sterile distilled water and the 
resulting suspension filtered through sterile glass wool.
The filtrate was washed three times with distilled water by 
centrifugation and resuspension. The suspension was then 
heated at 70-75^0 for ten minutes to kill any vegetative 
cells and when cool, stored at 4°G for one week. After a 
final wash to remove autolysed cells, the suspension in 
distilled water v/as stored at 4^C, A suspension produced by 
this method v/as found to contain 10^  ^spores per ml.
2,4*1*3 Clostridium perfringens (NGTC 6719)
Spore suspensions were prepared as previously 
described for C.sporogenes with the following modifications:- 
(i) 20 CUA plates, instead of six, were inoculated.
(ii) These plates were incubated anaerobically for 
21 days instead of four,
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(iix) The washed suspension was heated at 80^0
for 10 minutes to kill vegetative organisms,
2.4.2 MONITORING CHANGES IN SPORE SUSPENSIONS DURINGSTORAGE
2 e 4 * 2 -1 Viable count
Samples were removed from stock spore suspensions 
at intervals and viable counts performed using quarter 
strength Ringer's solution for dilutions. Drops (0.02 ml) 
were added to the surface of dried agar plates using the 
method of Miles and Misra (1938), On some occasions, samples 
were heated to kill any vegetative organisms which may have 
been present due to germination, before performing the viable 
count.
2.4.2.2 Resistance to sodium hypochlorite 
Suspensions were periodically tested against an
unbuffered solution of sodium hypochlorite containing 
2,000 p.p,m,av,01. following the method described in 
section 2.4.3«i*
2.402.3 Resistance to heat
Resistance of suspensions to 95°G was measured in 
a thermostatically controlled water bath, A sterile five 
ml volume of quarter strength Ringer's was placed, in a 
universal bottle or test tube, in the water bath and left 
for at least ten minutes in order to heat to 95°G. The pH 
of another sample of Ringer's solution from the same batch 
was measured. One drop (0,02 ml) of spore suspension was 
added to the Ringer's solution in the water bath and timing- 
started, The Ringer's/spore suspension was either stirred, 
using a magnetic stirrer, or mixed well with a pipette whenever 
any addition or removal occurred. One drop (0.02 ml) of 
sample was removed at intervals and added to five ml of 
-nutrient broth at room temperature. After mixing well, 
dilutions were made in quarter strength Ringer's solution 
and counts carried out using the Miles and Misra (1938)
technique. The nutrient broths and plates were incubated 
at 32^0 for up to one week.
Comments on the method
(i) Heating and cooling lags
If lags occur, they can introduce considerable 
inaccuracies. For this reason, the menstruum was raised to 
95^0 before addition of the spore suspension. The volume
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of the spore suspension added was small compared with 
the menstruum volume to reduce any heating lag and the 
sample removed for estimation of survivors was also small 
compared with the recovery medium to reduce any cooling lag. 
The recovery broth could he previously cooled hut this might 
shock the already damaged spores too much and thus introduce 
further inaccuracies.
(ii) Nature of the menstruum in which the spores are heated 
It has been shown that the nature of the 
environment in which an organism finds itself immediately 
prior to, or during, a heat treatment can profoundly 
influence its resistance (Sykes, 1965). Factors such as 
protein, fat and inorganic salt content of the heating 
menstruum, as well as physical factors such as pH can 
contribute significandy, However, since in this case an 
indication of variation of resistance over a period, was 
required, and not absolute resistance, as long as the method 
was carried out in the same manner each time, using the 
same menstruum, the absolute effect of that menstruum was 
not important. This is why the pH of the quarter strength 
Ringer's solution was checked before each experiment.
2.4*3 MEASUREMENT OF SPORICIDAL ACTIVITY
2.4.3.1 Activity of disinfectants against spore suspensions
All measurements of activity of disinfectants against
spore suspensions were carried out in a thermostatically
controlled water bath at 25 + 0,1^0. Test reagents and
solutions were brought to 25°C before starting the test.
15 ml volumes of solution or mixture under test were placed
in avunlversal bottle containing a magnetic stirrer bar and
clamped in position above an immersible magnetic stirrer.
At zero time, spore suspension was added such that a
7concentration of approximately 10' spores per ml of test 
mixture was achieved. Usually two drops (0,04 ml) of spore 
suspension were required. At timed intervals (for example 
0, 2, 5? 10, 1 5, 30 and 60 minutes) one ml samples were 
removed and added to nine ml of sodium thiosulphate solution 
(0 ,5  per cent, w/v). When necessary, tenfold dilutions were 
carried out in nine ml volumes of quarter strength Ringer's 
solution. Counts of survivors were made by plating samples 
onto dried agar plates using 50 dropper pipettes (ten drops 
per plate) as described by Miles, Misra and Irwin, (193Ô).
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Plates were incubated at 32*^ 0 for up to one week and 
colonies counted after a minimum of 48 hours incubation, 
on those plates showing between 30 and 300 colonies.
Recovery conditions
B.subtilis - Nutrient agar plates incubated aerobically,
0,sporogenes < Blood agar plates incubated anaerobically. 
Couerfringens) ” (90 per cent. ; 10 per cent«G0.J—  -------- — .1^    cL c .'
2.4.3,1*1 Membrane filtration
With low survival levels a membrane filtration 
technique was adopted, since using the Miles and Misra (1938) 
technique less than 100 organisms per ml cannot be detected, 
Bamples were passed through Oxoid membrane filters (grade 0.43) 
in a Sartorius membrane filtration unit. After filtering 
the test sample, two rinses of sodium thiosulphate, followed 
by tv/o rinses of quarter strength Ringer's solution were 
passed through the filter (each rinse being of approximately 
IS ml, ) in order t o remove traces of the test solution.
The membrane was then placed on a dried nutrient or blood 
agar plate, incubated for up to one week, according to the 
test organism, and observed for appearance of colonies.
Comments on the method
25^0 was chosen as the temperature for carrying 
out the tests since room temperature was variable (18 - 25^0 ) 
and 23°C was the lowest temperature which would be unaffected 
by fluctuations in external temperatures.
Choice of inactivator, diluent, counting method 
and recovery conditions were made after consideration and 
testing of several different media, methods and conditions 
(see section 3*1*2 Results),
2,4o3.2 Activity of disinfectants against dried spores
In practice, spores may be present in the dried 
state rather than in suspension. Many authors (such as 
Ito ^  al,, 1973 and Russell, 1974) have claimed that dried 
spores are more resistant than spores in suspension although 
Toledo et al, (1973) found wet spores to be more resistant 
than dry spores to hydrogen peroxide, B.subtilis spores 
were therefore dried onto microscope coverslips or glass 
slides which were then used in the testing of the sporicidal 
activity of mixtures and solutions.
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2.4*3*2.1 Goverslip method
One drop (0.02 ml) of a suspension containing'^- 5 x 10^ 
spores in either serum or distilled water v/as placed on the 
surface of each of several clean, dry, sterile coverslips 
such that >  1 X 10^ spores were deposited. The coverslips 
were then dried in a desiccator for 24 hours at room 
temperature. Sporicidal activity of disinfectants was 
tested by addition of the coverslips to the disinfectant 
under test, removing at intervals, draining to remove excess 
disinfectant and then transferring into nine ml volumes of 
nutrient broth. Broths were incubated at 32^0 for up to one 
week or until growth was observed* Control viable counts 
were carried out by adding untreated coverslips bearing dried 
spores to broths containing Tween 80 (either Tween 80 broth 
or Dubos broth), shaking vigorously and then removing samples 
for counting.
If no growth had been observed in the broths in 
one week, coverslips were aseptically removed, transferred 
to a fresh broth and incubated for a further week. When 
growth was observed in any broth, a sample was plated onto 
a solid medium in order to check that B*subtilis, and not a 
contaminant, had grown.
2.4*3.2.2 Microscope slide method
This method was based on that described by 
Bmith and Brown (1976).
0.02 ml of a spore suspension containing approximately73 X 10 B.subtilis spores per ml in either distilled water or 
serum was placed on the surface of a clean, sterilised 
microscope slide. Several such slides were then dried in 
air for one or 24 hours at 43^0 or room temperatm’^e, The 
sporicidal activity of a disinfectant solution was tested by 
standing the slides in a staining rack containing the 
disinfectant. At timed intervals the slides were removed 
and each one placed immediately in a petridish containing 
about ten ml of sodium thiosulphate solution (0.3 per cent.). 
Slides were left in this inactivator for not more than ten 
minutes. The thiosulphate was then removed with a pipette, 
and nutrient agar at 40-43^0 poured over the slide. After 
the agar had set, plates were incubated at 37°0 for 48 hours. 
After this time colonies could be counted in the agar.
Ill
Controls were carried out by preparing tenfold 
dilutions of the spore suspension and adding 0*02 ml of the 
10^ and 10"^  dilutions, to sterilized slides. These were dried 
under the same conditions as the test slides, then placed in 
water instead of disinfectant before being rinsed in 
thiosulphate and covered with molten agar. Viable counts of 
spores in the initial inoculum were also made using the 
Miles and Misra (1938) method.
2.4.4 PREPARATION OF ORGANIC MATTER SUSPENSIONS
Yeast and serum were used as examples of organic 
matter in order to investigate the inactivation of disinfectants 
Sporicidal activity of the disinfectants in the presence of 
these materials was measured as described earlier (2.4.3*l) 
with a volume of organic, matter also included in the reaction 
mixture,
2,4*4« 1 Yeast suspensions
Yeast v/as used as an example of particulate organic 
matter and was prepared as described in British Standard 
808:1938. The five per cent, dry weight suspension prepared 
by this method was concentrated by centrifugation so that 
a 20 per cent dry weight suspension was obtained, and this 
was subsequently used in tests. It was important that as 
small a volume as possible was added to disinfectant solutions 
in order to reduce any dilution effect,
2.4.4,2 Serum suspensions
Sterile Horse Berum obtained from Tissue culture 
services was used as an example of soluble organic matter.
A 20 per cent» v/v solution in WHO hard water was prepared 
for use in inactivation tests.
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2,5 INVESTIGATION OF DISINFECTANT ACTIVITY AGAINSTNON-SPORING ORGANISMS
2.3.1 PROPAGATION OF CULTURES
(a) StaphylQCQOGUs aureus (NGTC 41b3)
This organism was grov/n and subcultured daily in 
the synthetic medium of Wright and Mundy (I960). Ten ml 
volumes in universal bottles were used and incubation was 
at 32^0, For tests an overnight culture, which was between 
the fifth and fourteenth subculture, was centrifuged and the 
pellet resuspended in one to two ml of sterile V/HO standard 
hard water by shaking with glass beads.
(b) Pseudomonas aeruginosa (NCTG 6749) )
(b) Proteus vulgaris (NCTG 4635) j
(d) Escherichia coli (NCTO 8I9 6) )
(e) Mycobacterium fortuitum (NGTC 8573)
This organism was grown and harvested as above, 
except that because it was slower growing, it was subcultured 
only every three days, and a three day old culture was used 
in tests.
(f) Candida albicans (NCPF 3153)
This organism was grown and subcultured daily 
in Sabouraud's dextrose broth at 32^C. It was harvested 
for tests as described for S.aureus.
2 .3 .2  MEASUREMENT OF ACTIVITY
2.3 .2.1 Suspension test
Suspensions were prepared for testing as' described
in the previous section. Tests were carried out as described
in section 2.4.3.1, adding drops of bacterial or yeast
suspension at zero time such that a concentration of
7approximately 10' organisms per ml of test mixture v/as 
achieved. Counts were carried out as described in,section 
2.4 .3*1 except for with tests involving M.fortuitum. Because 
this organism was slower growing than the other species tested, 
plates were incubated for up to two weeks and colonies counted 
after a minimum of seven days.
Recovery conditions
8 .aureus )
^"Vulgari_8 ) Nutrient agar plates,
Fs.aerugiripsa \ i^^^hated at 32°C aerobically.E.coli )
M.fortuitum )
G.albicans - Sabouraud's dextrose agar plates, 
incubated at 32^C, aerobically.
2*5*2.2 Kelsey-Sykes capacity test
This test was used fop testing alcohols and was 
carried out exactly as described by Kelsey and Maurer (1974)
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2.6 NJCPHELOMETRY
Studies of the sub-lethal effects of alcohol, 
and hypochlorite on log growth phase actively dividing cells, 
as opposed to cidal effects on spores or vegetative cells, 
were undertaken as explained in Results, section 3*2*3 = 3.3- 
In order to do this a nephelometric method was used (see 
notes at the end of this section),
Cultures were maintained, and sub-cultured daily, 
in the synthetic broth of Wright and Mundy (197O) but for the 
actual study of growth curves the liquid minimal medium of 
Clowes and Hayes (1968) was used*
This medium was supplied as two sterile solutions;
(a) minimal salts solution 
(3 ) 20 per cent, glucose solution 
These solutions ware aseptically mixed with sterile distilled 
water, in a sterile conical flask, at the start of each 
experiment, in the following volumes;
(a ) - 100 ml
( B) - 4 ml
Distilled water - 296 ml
This mixture was brought to 32°C in a water bath 
and stirred continuously using an immersible magnetic stirrer 
and bar. Five ml of an overnight culture of the test organism 
was added at aero time and thereafter ten ml samples were removed 
at intervals to be read in the nephelometer. Optically 
matched tubes were used for this purpose and the turbidity 
of samples compared' with a blank containing ten ml of solution
(a ) . After reading, samples were returned to the flask in 
order to restore the concentrations of reagents in the flask 
to the original*
Reagents (alcohol and hypochlorite) were aseptically 
added to the growing culture either at the beginning of, 
or during, the experiment, and in each experiment a control 
flaskwas set up, to which distilled water, instead of reagents, 
was added.
Notes on the method
The growth rate of log-phase cultures of test 
organisms in nutrient medium can be monitored by measuring 
changes in turbidity with time. Either reflected light (from 
the cell surfaces) can be measured by using a nephelometer, 
or absorbed light (by cell constituents) using a colorimeter 
or spectrophotometer. The advantages of a nephelometric
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technique are its ease and speed; several cultures 
can be monitored at once and results can be obtained 
within a day. Disadvantages are that cultures containing7less than about 10' cells per ml are not detestably optically 
danse, clumps are detected as one particle in the same way. 
as a single cell, dead as well as viable cells are detected 
and interpretation of results may be difficult*
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9.7 ENDOSCOPY
2.7.1 ENDOSCOPES USED M  STUDIES
( a) Broncho scope
A rigid instrument comprising cannula, telsscopes 
and light guide lead. The telescopes (one giving direct 
forward vision and the other right angle vision) contained 
image guide fibres and were made by Genito-Urinary Company 
Ltd. “ London.
Samples for bacteriological studies (2,7.2) were 
taken from this instrument, which was in use in the theatres 
at Edgware General Hospital, Edgware, Middlesex, during 
October, 1977.
(b) Duodenoscope
A flexible fibre-optic instrument, model JP-B 
number 100688 made by Olympus Ltd., Japan. Samples for 
bacteriological examination were taken from this instrument 
in the Day Ward at Poole General Hospital, Poole, Dorset, 
during February 1978.
(c) Gastroscope
A flexible fibre-optic instrument manufactured by 
American Oystoscope Manufacturers Incorporated (ACMl).
This instrument was in use in the theatres at Edgware General 
and samples for bacteriological examination were taken from 
it during October and November 1977*
( Gastroscope
A flexible fibre-optic instrument, model G1P-D3 
number 511001 made by Olympus Ltd, This instrument was in 
use in the Day Ward at Poole General and samples for 
bacteriological examination were taken from it during 
February, March and May, 1978.
(e) Gastroscope
A flexible fibre-optic instrument, model GIF-K 
number 512820 made by Olympus Ltd, This instrument was in 
use in the Day Ward at Poole General and samples for 
bacteriological examination were taken from it during 
March and April 1978.
(f) Gastroscope
A flexible fibre-optic irostrument, model G1F-P2 
number 710870 made by Olympus Ltd, This instrument was in 
use in the Day Ward, Poole General, and samples for 
bacteriological examination were taken from it during February æd 
March 1978, The insertion tube of this instrument was narrower
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than the other gastroscopes (about the same as the 
duodenoscope) as the model was designed for paediatric use.
(g) 5soahago-fibrescope
A flexible fibre-optic instrument, model EF-L 
number 912328 made by Olympus Ltd,. This instrument was 
used in the laboratory for artificial contamination and 
disinfection studies*
7.2 BACTERIOLOGICAL SAMPLING
Samples for bacterial examination were.obtained 
mainly by three methods; swabbing, rinsing inner channels, 
and blowing air through channels »
(a) Swabbing
This method was used for sampling the outer 
surfaces of the endoscopps including the areas around the 
lenses and apertures at the distal end of the instruments 
and inside the biopsy valve at the proximal end. The swabs 
were composed of a wooden stick (150 mm long x 2 mm diameter) 
and botton wool (covering an area 15 - 20 mm long, and 
5 “ 10 mm wide at the widest point). These were either 
obtained ready made, sterile and individually packed or were 
made up using absorbent cotton wool, which had been boiled in 
phosphate buffer, pH 7*4 to remove acid, and sterilized in 
a hot air oven.
Immediately before use, the swabs were moistened 
in sterile distilled water. They were then wiped over the 
surface to be sampled and the head broken off into Stuart's 
transport medium for transport to the laboratory.
(b) Rinsing
The inner channels were sampled where possible 
by rinsing with sterile distilled water. This was accomplished 
using a special attachment for the air/water/suction channels 
and a sterile disposable syringe. The syringe containing 
'sterile water was connected to a piece of plastic tubing 
which was attached to the proximal end of the channel to be 
sampled. Water (10 - 50 mis) was ejected, using the syringe, 
down the channel and collected in a sterile container held 
at the distal end of the instrument,
( c) Blowing air through channels
With some endoscopes sterile water could not easily 
be passed down the air channel and for this reason the 
following method was adopted. The endoscope was connected
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to the air supply and the air valve depressed such that 
air was blown down the channel. Initially any liquid which 
emerged at the distal end was collected in a sterile container 
and kept for culturing. Then the air emerging was allowed 
to impinge onto the surface of nutrient broth contained in 
a universal bottle, for 30 to 60 seconds,
(d) Other samples
Cleaning brushes or other instruments were 
sampled by agitating in Tween 80 broth. Samples of water 
from water bottles, and tap water used to fill these bottles, 
were collected in sterile universal containers,
2.7.3 CULTURING OF SAMPLES PROM ENDOSCOPES
Specimens'were taken back to the laboratory and
cultured as soon as possible after obtaining them, using 
the following methods,
Swabs
Swabs were removed from the transport medium and 
plated onto two blood agar plates and a MacConkey agar plate. 
The swabs were then inoculated into cooked meat broths.
The blood agar plates were incubated, one aerobically and 
one anaerobically and the MacConkey plate was incubated 
aerobically. The plates and cooked meat broths were incubated 
at 37°C.
Liquid samples
Water used for sampling channels was plated directly 
onto two blood agar and one MacConkey agar plate. Ten-fold 
dilutions were also prepared in quarter strength Ringer's 
solution and drops from these dilutions plated onto blood 
agar plates. All plates were incubated aerobically at 37°C 
except for one of the direct blood plates which was incubated 
anaerobically.
Broths which had been used to collect air samples
’or for sampling of accessories were treated as for water
samples but the broth was also kept at room temperature
until growth appeared, or up to one week whichever was the
shorter,
2.7.4 IDENTIFICATION OF ISOLATES
After 18-48 hours colonies were counted on the 
quantitative plates and representative colonies removed for 
identificat ion,
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Methods used for identification were based on 
Gowan (1974) and NGTG (1976) and were, on occasions, 
supplemented by the NOTC computer identification service 
and the API microtube system,
2.7.5 ARTIFIG.IAL CONTAMINATION AND DECONTAMINATIONOF AN ENDOSCOPE
The biopsy channel of the eaophago-fibrescope was 
contaminated by one of two methods.
(a) A piece of sterile cotton wool was soaked in
a suspension of B.subtills spores ('=2?r3 x 10^/ml ) or a 24 hour 
broth culture of Pseudomonas putida, Sterile biopsy forceps 
were passed down the biopsy channel and out at the distal 
end. The piece of contaminated cotton wool was then pulled 
up through the biopsy channel by means of the biopsy forceps, 
and discarded. The instrument was left at room temperature 
to dry for approximately 90 minutes.
(b) Using a syringe, a suspension of organisms,
in distilled water or serum, was injected into the biopsy 
channel via the biopsy channel opening with the biopsy valve 
removed. The suspension was left in the channel for 15~60 
minutes and then allowed to drain out gravitationally. 
Disinfection of the endoscope was carried out either 
immediately or after overnight drying.
After disinfection (Results, section 3.3.2.3) 
surviving organisms were counted by passing sterile distilled 
water, or sterile 0.3 per cent, sodium thiosulphate solution, 
down the biopsy channel and collecting it in a sterile bottle. 
The collected liquid (20-50 ml) was diluted and plated onto 
blood agar as described in section 2,7*4 and the neat sample 
was then filtered using Oxoid membrane filters in Sartorius 
membrane filtration apparatus. Filters were placed on a blood 
agar plate and incubated at 37^0, colonies were counted at 
24-48 hours,
2.7.6 CORROSION OF ENDOSCOPE COMPONENTS
Samples of materials used in the construction of 
flexible fibre-optic endoscopes were supplied by Key Med Ltd. 
The materials tested were as follows.
Polyurethane
Used for the insertion tube covering. It was black 
and shiny in appearance, smooth and fairly hard. At intervals
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along the length of the insertion tube white bands and 
figures are present and these were also present on the 
samples of polyurethane tested.
Rubber
Rubber is used for the bending section of the 
insertion tube since the polyurethane does not have enough 
flexibility. The samples tested were a grey/black matt 
colour although a slight shine was present. The rubber was 
elastic and slightly tacky to the touch.
Stainless steel and glass
These were supplied as distal tips with lenses 
set in them. They could not be separated since Araldite 
adhesive held them together. These complex tips had fragments 
of rubber, plastic, fibres and other materials attached to 
them but as much as possible was removed before testing, 
Araldite
This was supplied as a two part epoxy resin*
The strength of the prepared resin was measured by cementing 
together three glass coverslips to form a bridge and, during 
the corrosion trial? measuring the distances between parallel 
coverslips (see diagram). Any weakening of the joints due 
to corrosion of the adhesive should allow the vertical 
coverslips to move, thus altering the distance between them.
Araldite
Coverslips
Distance measured
Teflon (PTPE)
This material is used for the biopsy channels of 
fibre-optic endoscopes. It is a white semi-opaque, rigid 
plastic and pieces tested had an internal diameter of 
of approximately two mm and were 50 mm long.
Polythene
This is used for the air and water channels which 
are narrower (approx, one mm internal diameter) than the 
biopsy channels. The plastic was colourless, transparant 
and rigid.
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The materials described above were placed in 
hypochlorite solutions and alcohol/hypochlorite mixtures 
for periods ranging from a few days to several months.
The- corrosive effects of the solutions on the components 
were assessed in two ways. Firstly, visual changes in the 
materials were noted after removing them from disinfectant 
solutions and allowing them to dry. Secondly, the available 
chlorine present in the solutions was measured at intervals 
over the test period, since a loss of available chlorine 
more rapid than that in a control solution would indicate 
some interaction of hypochlorite (or alcohol/hypochlorite 
mixture) with the material under test.
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2.8
2.8
PREPARATION OP SAMPLES FOR ELECTRON MICROSCOPY
; e 1 NEGATIVE STAINING- TECHNIQUE
This technique was used for visualising whole 
(i.e« non-sectionsd) vegetative bacteria, and spores.
The bacterial or spore suspension was diluted 
such that it gave a suspension which appeared to be almost 
clear in the fine end of a Pasteui’ pipette. A drop of this 
suspension was placed on a UOO mesh copper grid which had 
previously been coeated with Fornivar (polyvinyl. formal) 
and carboned as shown in the diagram below. The excess 
suspension was drained off and one drop of 0,3 per cent, 
phosphotungstic acid was added. The grid was then ready for 
loading onto the specimen rod and placing in the electron 
microscope. Samples were placed in the microscope and 
observed as soon as possible in order to minimise any changes 
due to absorbtion of stain*
PREPARATION of NEGATIVELY STAINED SPECIMENS
-3  m m .
(D G rid
Grids
Slide
Formvar Solution
D is t il le d  W a t e r - . - . —
Film
0  S u p p o rt F ilm s
•V irus*N egative Stain
Carbon Rods
Grid
Forceps
S p ec im en  A p p licatio n
Q  C a rb o n -C o a tin g
Form var-Carbon Film
Virus Particle
E lectro n s
G S p ec im en  in M icroscope
Electron-Dense Stain 
Virus Particle
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2.8.2 PREPA RATION OF SPORE 8EGTIÜNS
Spore suspensions which had been treated with the 
required solutions (such as alcohol or hypochlorite) and 
neutralised with sodium thiosulphate were centrifuged at 
h?000 r.p.m. for 20 minutes in a bench centrifuge. Supernatants 
were discarded and the pellets resuspended in three to four 
drops of molten (Lj.5°0) two per cent. Noble agar,
A solution of osmium tetroxide for fixing was 
prepared using the reagents shown below,
1. Michaelis veronal-acetate buffer
Sodium barbitone 2.9U g
Sodium acetate (hydrated) 1,94 g
Sodium chloride 3«40 g
Distilled water to one litre
2. Kellenberger buffer
Veronal-acetate buffer 3.0 ml
Distilled water 13,0 ml
O.IN HOI 7.0 ml
IM GaClg 0,25 ml
This buffer was made up freshly on the day of use 
and the pH adjusted to 6.0 with the veronal-acetate 
buffer or HOI.
3c Osmium tetroxide solution
Osmium tetroxide 0.1 g
Kellenberger buffer 10.0 ml
This solution should be prepared using clean glassware.
Approximately 0.5 ml of osmium tetroxide solution was 
added to each agar pellet containing spores. This was left 
for three hours in a fume cupboard and then replaced with 
fresh osmium tetroxide which was left overnight.
Next day the osmium solution was removed and the 
agar blocks rinsed in Kellenberger buffer which had been kept 
in the fridge since the previous day to minimise deterioration. 
This rinse was in order to remove any unbound osmium tetroxide 
which if not removed would be precipitated by the ethanol in 
the next stage.
The fixed agar blocks were dehydrated using 
increasing concentrations of ethanol as follows:- 
30 per cent. 50 per cent. 70 per cent, 90 per cent, 100 per cent, 
100 per cent, 100 per cent. Each was used for ten minutes 
and following the third change of absolute alcohol two changes
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of propylene oxide (15 minutes each) were applied. The 
propylene oxide acted as a link reagent between the alcohol 
and the resin.
A mixture of propylene oxide and Spurr's resin 
(SpurPj 1969 “ standard medium) was prepared (50:50 mixture) 
and after removing the final solution of propylene oxide 
this mixture v/as added to the agar blocks. At this stage 
the caps were left off the centrifuge tubes and the propylene 
oxide allowed to evaporate off overnight*
The following afternoon the resin v/as replaced with 
fresh resin and the samples and resin placed in flat plastic 
cupSo These were placed in an oven at 75^0 and left overnight 
(16 hours). After removing from the oven and allowing them 
to cool; the hardened resin blocks were removed from the cups 
ready for cutting.
All procedures from the preparation of the osmium 
tetroxide to the curing in the oven were carried out in a fume, 
dupboard, since osmium vapour is toxic and one of the resin 
components is carcinogenic.
Sections were post stained with uranyl acetate 
and lead citrate and the whole procedure was based on that 
described by Kuli,kovslcy eu al.( 1975) *
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3 = 1 CONTROLS
Before starting the main study of the investigation 
of the activity of mixtures of alcohol and hypochlorite ; it 
was necessary to do certain preliminary experiments to define 
some of the test procedures and provide standards for 
3ub sequent work.
3.1,1 STABILITY OF SPORE SUSPENSIONS DURING STORAGE
Washed spores of most organisms store satisfactorily 
at 0 - (Gould, 1971)» However, slow changes (such as in 
ease of germination) may occur with time, and organisms which 
are not cleaned to remove vegetative debris or traces of 
absorbed culture constituents may germinate spontaneously 
during storage* It is possible that spore resistance might 
also alter during the storage period and if so the results 
of many experiments would be invalidated,. For this reason, 
measurements of viable count, and resistance to heat and 
chemicals were carried out ax the suspensions at regular 
intervals.
3.101.1 Viable count
On preparation, and at i ntervals up to three years, 
viable counts were made on B,subtills spore suspensions stored 
in distilled water at Dilutions were made in triplicate,
plated onto nutrient agar and incubated at 32^0 for three days, 
The results showed that there was no decrease in count during 
the storage period, (Table 2),
3.1.1.2 Resistance to heat
Although there is no evidence to suggest that heat 
and chemical resistance in spores are related, any marked 
change in heat resistance during storage would indicate that 
something was happening in the suspension, which might mean 
that chemical resistance would also be affected* For this 
reason monitoring of heat resistance was thought to be 
worthwhile.
Resistance of spore suspensions to a temperature of 
95°G was measured periodically by the method described in 
section 2,4,2 (Materials and Methods). The results (Fig.l) 
showed that there was little change in heat resistance during 
the storage period.
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TABLE g
VIABLE COUNTS (c.f.us/ml) DURING STORAGE OF FOUR SUSPENSIONS OF B.SUBTILIS SPORES IN DISTILLED WATER PREPARED AT DIFFERENT TIMES AND KEPT AT 4^0
Storagetime(weeks) Suspension 1 Suspension 2 Suspension 3 Suspension 4
0 1.95 X 10® 9.20 X 10? 4.80 X .10^ 9.80 X 10^
5 2.08 X 10^0
11 2.27 X 10° 101.90 X 10 ^
12 3.32 X 10%
14 6.12 X 10?
17 1.95 X 10® 7.U7 X 10? 3.68 X 10^ 1.98 X l d °
23 3.22 X 1q5
26 2.11 X 10®
33 2.hk X 10^0
38 4.23 X 10^
40 1.72 X 10® 3.87 X 10^ 2.82 X 10^°
42 1.75 X 10® 4.02 X 10%
47 8.05 X 10?
72 2.55 X 10® 3.95 X 10% 9.3U X 10^
63 5.2U X 10^
89 1.80 X 10®
92 1.58 X l d °
93 2,22 X 10^°
101 1.74 X l d °
115 2.47 X 10^®
150 3.53 X 10^
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3 * 1 « 1 o  Resistance to sodium .hypochlorite
The sporicidal activity of a solution of sodium 
hypochlorite (containing 2,000 p.p.m. av.Cl.) in distilled 
water, was tested by the method described in section 2.4=3.1 
(Materials and Methods) using spore suspensions which had been 
stored in distilled water at li^ O for up to 39 months*
Figures 2 and 3 show the killing curves obtained with 
suspensions of B,subtills and G .sporoganes spores respectively* 
No loss of resistance was detected during the storage periods 
of three-and-a-half years (3.subtilis) and two years 
(G.sporogenes),
3.1.2 DETERMINATION OF THE CONDITIONS REQUIRED FOROPTIMUM RECOVERY OF DISINFECTANT TREATED SPORES
The importance of optimum recovery conditions for
organisms subjected to a disinfectant test has been discussed
in the Introduction, (l.4,2.8). Before starting to test
disinfectant mixtures, a series of experiments was carried
out in order to determine the conditions under which tests
would be done.
3*1,2.1 Recovery medium
A solid, rather than liquid, medium was chosen in 
order to obtain quantitive results without the need for the 
application of statistical methods, As was discussed in the 
Introduction (1.4,2.8), a surface drop technique has been 
shown to give higher recovery of damaged organisms than a 
molten agar method,. Since damaged organisms may be more 
fastidious in their growth requirements, a minimal medium 
would probably not give optimum recovery. Thus nutrient 
agar and blood agar were compared as follows.
The sporicidal activity of a freshly prepared 
mixture containing 25 per cent, propan-2-ol and 2,000 p.p.m. 
av.Cl, was determined as described in section 2.4.3=1 (Materials 
and Methods), except for plating out. Each dilution was 
plated in triplicate onto either dried nutrient agar or dried 
blood agar plates. After incubating for 48 houi's colonies 
were counted and the mean survivors calculated. The results 
are shown in Table 3= Statistical analysis of the results 
showed that significantly higher counts were achieved on 
nutrient agar than on blood agar (p = 0.05). Nutrient agar 
also has the added advantage of being clear rather than opaque, 
thus facilitating counting, and was therefore chosen for 
subsequent work.
FIGURE 1
Resistance of suspensions of B.subtills spores to beat
Age of suspension
© 3 months
0 6 ”
□ 18 
□ 36
FIGURE 2
Resistance of suspensions of B.subtilis spores to sodium hypochlorite T2 « OOP p.p.m, av *G 1, pH iTTIiT at 25^0
Age of suspension
0 h months
o 14
16
□ 32
Â 39 »?
FIGURE 3
Resistance of suspensions of C.sporogenes spores to sodium hypochlorite (2,000 n*p.m, av*Cl. pH 11*4) at 250Ç
Age of suspension
m 3 months 
0 6 ”
m 24 ”
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Survivors per ml -9>1x10 .
1x10
10 20
Exposure Time (mins)
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FIGURE 3
üurvivors ner ml
61x 1 0
41x 1 0
31x 1 0 h.1 2
Exposure Time (mins)
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3 VX «.2• 2 Recovery temperature
The importance of incubation temperature on the 
recovery of damaged organisms was also discussed in the 
Introduction (l#h»2,8). Frequently slightly lower 
temperatures than those normally used for growth of the 
organism, are found to give optimum results after disinfectant 
testing.
Plates from the previous experiment (3*1.2,!) were 
incubated at room temperature, 32^G and 37^0 (in triplicate) 
and the mean counts calculated. Analysis of the results, 
which are shown in Table 3? showed that there was no 
significant difference (p = 0,10) between the counts obtained 
at the different temperatures although more than hours 
was required at room temperature before the maximum counts 
were obtained. For subsequent work plates were incubated at 
32°0.
3.1.2.3 Heat activation
Curran and Evans (19U5) first recognised that 
some spore suspensions germinate more rapidly following 
sublethal heating. Heat activation itself cannot be. measured, 
but the result of activation can* This may be seen as an 
increase in viable count on a particular medium or as an 
increase in the rate of germination of a spore suspension.
These two phenomena do not invariably accompany each other 
(Gould, 1971).
A period of heat activation of disinfectant 
treated spores before plating might therefore give an 
increased colony count or an increase in the rate of 
germination. Since during the work for this investigation 
plates were incubated for h-8 hours, the rate of germination 
was not of great importance.
In order to investigate the effect of a period 
of sublethal heating, the activity of a solution containing
2,000 p.p.m. av.Cl. in distilled water against B.subtll.is 
spores was tested, using the method described in section l.h.3.1 
(Materials and Methods). After appropriate dilution of 
samples in quarter strength Ringer*s solution, drops were 
plated onto both blood and nutrient agar plates which were 
incubated at 32°G. The same dilutions were then heated at 
70^0 for 30 minutes, as recommended by Gould (1977), ih a
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thermostatically controlled water bath, before plating- 
further samples and incubating as above. Colonies were 
counted after i+8 hours incubation. No increase in count 
was observed on further incubation* The results are shown 
in Table h*
Statistical analysis of the results using the 
Student*s t™tsst showed that at a significance level of 
0.05 there was no detectable difference in the viable counts 
achieved before and after heat treatment. Thus heat treatment 
before recovery of surviving spores was considered to be 
unnecessary.in subsequent experiments.
3•1.2.U Disinfectant inactivator
The importance of inactivators when testing 
disinfectants has been discussed previously (l.h.2,7). In 
order to choose a suitable chemical inactivator for mixtures 
containing alcohol and hypochlorite, several experiments 
were carried out.
Initially, the method described in section 2,3•k 
(Materials and Methods) was used to evaluate the following 
possible inactivators:-
(i) Nutrient broth 
(ii) Sodium thiosulphate in water (0.5 per cent.)
(ill) Sodium thiosulphate in nutrient broth (0.5 per cent*) 
(iv) Tween 80 in water (3*0 per cent.)
A suspension of B.subtilis spores (approximately 
10^ spores per ml) was used with a freshly prepared mixture 
containing 25 per cent, propan-2-ol and 2,000 p.p.m. av.Cl.
One ml volumes of disinfectant were added to nine ml volumes 
of inactivator and one ml volumes of spore suspension added 
to this mixture. Samples were removed for enumeration of 
survivors at intervals of 1, 30 and 60 minutes after addition 
of spores* All counts were carried out in duplicate and each 
experiment was done at least twice. Representative results 
are shown in Table 5*
At the significance level p = 0.05, no difference 
could be detected between the counts of survivors obtained 
using nutrient broth or sodium thiosulphate (in water or in 
broth). However, a significant decrease in count was observed 
when Tween 80 was used. Tween 80 was thus ineffective 
as an inactivator under the conditions tested.
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TABLE k
EFFECT OF SUBLETILIL HEAT TREATMENT ON THE RECOVERY OF DISINFECTANT TREATED‘B.SUBTILIS SPORES
Time (minutes) of contact witl 2,000 p.p.m, av.Cl. at 25 C
Viable count (c.f,u./ml)
Before heat treatment After heat treatment
BA^ NA^2J BA^^^ NA^^^
0 6.60 X 10^ 7.20 X 10^ 6.35 X 10^ 6.70 X 10^
10 4=65 X 10^ 5.60 X 10^ 4.70 X 10^ 4.10 X 10^
20 2.45 X 10^ 2.80 X 10^ 2.00 X 10° 1.95 X 10°
30 2.35 X 10^ 2.25 X 10^ 1.30 X 10^ 1.30 X 10^p 2 250 < 10“ < 10- <10 < 10
Notes
(1) Recovered on blood agar plates.
(2) Recovered on nutrient agar plates.
TABLE 5.
EFFICIENCY OF FOUR INACTIVATORS AGAINST A MIXTURE CONTAINING 25 PER CENT PROPAN-2-OL AND 2,000 p.p.m. avlci,. AT Bgoc
Inactivator
Contact time (mins) of spores with solutions
Viable count (c of B.subtilis
a b c
.f.u./ml)in
d
Nutrient broth 1 29 27 39 40
30 38 32 31 13
60 33 33 39 0
Sodium thiosulphate in water (0.5%) 130
34
27
34
40
3k
35
32
20
60 33 35 39 0
Sodium thiosulphate in nutrient broth (0.5%)
1
30
60
24
24
28
32
38
27
41
39
37
36
16
0
Tween 80 in water (3%) 130
29
9
29
33
32
33
33
13
60 0 32 31 0
Notes 
a - 
b — 
c
d -
inactivator plus disinfectant 
inactivator plus water 
water
water plus disinfectant
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Although the above experiment indicated that the 
inactivators were not acting as spore germination or 
other inhibitors, a further series of experiments in the 
absence of disinfectants, was carried out to verify this 
point.
One ml of the same spore suspension as used in 
the previous experiment was added to nine ml of inactivator 
solution or distilled water. Samples were removed immediately 
and after one hour and the number of survivors counted.
The results are shown in Table 6, No significant difference 
(p 0 ,0 5) could be detected between the counts obtained 
in any of the inactivators or in water alone. The inactivators 
tested therefore apparently had no inhibitory effect on 
B.subtills spores.
Prom the two previous experiments it was observed 
that in the presence of Tween 80 lower counts were generally 
obtained. It was suspected that the presence of Tween 80 
might affect the size of the drops delivered by the 50-dropper 
pipettes due to lowering of surface tension, 50 drops of 
water were therefore delivered from a 5 0-dropper pipette 
and weighed as described in section 3*1*2,6 (Results). This 
was repeated six times with the same pipette. The same 
pipette was then used to repeat the procedure using an aqueous 
solution of Tween 80 (three per cent,). The results (Table 7) 
showed that smaller drops were delivered when Tween 80 was 
present. These results were statistically significant at 
the significance level p = 0,001, Delivery of smaller drops 
explains the lower counts obtained with Tween 80 in earlier 
experiments.
One of the main criticisms of the British 
Standard (3286:1960) method of checking inactivators is that 
only undamaged organisms are used which may be easier to 
recover than those damaged by the disinfectant. However, to 
standardise the degree of damage in such a test would be 
very difficult and the only reasonable way of testing an 
inactivator against damaged organisms is in an actual 
disinfectant test. For this reason two of the inactivators 
previously tested (nutrient broth and sodium thiosulphate in
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water) were compared in a sporicidal activity test (Materials 
and Methods 2.4*3)s using a freshly prepared mixture 
containing 23 per cent* propan-2-ol and 2,000 p.p.m. av.Cl.
No significant difference (p = 0.03) between the two 
inactivators could be detected. The results are shown 
in Table 8.
Nutrient broth and sodium thiosulphate have thus 
been shown to be effective inactivators for a particular 
freshly prepared alcohol/hypochlorite mixture, and to have 
no inhibitory effect on B.subtills spores. The use of sodium 
thiosulphate in broth apparently had no advantages over either 
inactivator alone. Sodium thiosulphate in water (0,3 per cent.) 
was chosen for use in subsequent experiments since it is 
chemically defined and can be prepared without variation.
The amount required to inactivate a given concentration of 
available chlorine can also be calculated ( Introduction
1.4.2.7.1).
Further experiments using B,subtilis spores
showed that an aqueous solution of sodium thiosulphate
(0,5 per cent.) was an efficient inactivator for other
freshly prepared mixtures of alcohol and hypochlorite (up to
2,000 p.p.m. av.Ol.) and also for aged mixtures. However
during the course of the study of alcohol/hypochlorite mixtures,
organisms other than bacterial spores were to be used. The
following experiment was therefore undertaken.
Use of sodium thiosulphate as inactivator with ^.coli as the test organism
Although 0,5 per cent, sodium thiosulphate has been 
shown to be an effective inactivator with bacterial spores» 
it is possible that it could be inhibitory to vegetative 
bacteria. An inactivator test was therefore carried out using 
a solution containing 2»000 p.p.m, av.Cl* as the disinfectant 
and B.coli as the test organism. The results are shown in 
Table 9.
The action of water and disinfectant (d) was so 
rapid that no viable organisms could be detected even at 
zero time. However, the results show that there was no 
apparent inhibition of F.coli by the inactivator solution.
It was noted that the size of the colonies at 24 hours was 
smaller on plates from (a) than from (b) or (c) although no 
reduction in count was observed,
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TABLE 6
SURVIVAL OF B.8UBTILI8 SPO.RSS IN i m OTIVATORSOLUTIONS' ATZ2l2^T0c_
Time(mins)
Viable count ( 0 ,f ,u,/ml) in:
Nutrientbroth Tween 80 Sodiumthiosulphate in water
Sodium thiosulphate in broth
Water
0 3k 28 32 31 36
60 33 25 33 32 30
TABLE 7
A COMPARISON OF THE SIZE OF DROPS OF WATER AND OF TWEEN 30 DELIVERED BY A"50-DROPPER PIPETTE
MEAN
Weight of 50 drops (gms)
Water 3% Tween 80
0.95 0.78
1.04 0.80
1,04 0.83
1.05 0.80
0.97 0.78
1.01 0.77
1.01 0.79
TABLE 8
IN-USE COMPARISON OF TWO INACTIVATORS AGAINST A MIXTURE CONTAINING 25?r~PR0PAN-2-0L and 2,000 p.p.m av.Gl. IN DISTILLED WATER
Time (mins) of contact with mixture at 25 C
Viable count (c.f.u./ml) of B,subtills using as inactivator:-
Nutrient broth Sodium thiosulphate in water (0,5/0
0 1.14 X 10f 1,87 X 10?
2 3.62 X 10^ 3.67 X 10^
4 7.90 X 10^ 9 .3 0 X 10^
6 1.07 X 10^ 9.00 X 10^
8 2.25 X 10^ p<10“
10 <10^ 1.25 X 10^
12 <10% <10“
15 < 10^ <10^
Test organism = B,subtilis spores
TABLE 9
i na ct i va t io n OP A SOLUTION CONTAINING 2,000 p.p.m. av.Cl IN DISTILLED WATER WITH SODIUM THIOSULPHATE SOLUTION To,596) USING E.COLI AS THE TEST ORGANISM
Time (mins) of contact with disinfectant at 25^C.
V
a
iable E.coli 
b
per ml 
c d
0
30
60
3.35 X 10'
2.60 X 10? 
3.10 X 10^
3.20 X 10/
3.25 X 10^
3.20 X 10^
4.75 X 10/
4.30 X 10? 
3.55 X 10?
<10%
<10^
<10^
KEY
a
b
c
d
inactivator disinfectant 
inactivator + Water 
water
water + disinfectant
t a b l e  10
EFFECT OP DILUENT ON RECOVERY OP DISINFECTANT TREATED B.SUBTILIS SPORES
Contact time (mins) with disinfectant C^) at 25°C
Viable count (c.f 
Distilled water
.u/ml) after dilution in:
Quarter strength Ringer*s solution
0 2.30 X 10? 1.95 X 10?
1 4.77 X 10& 4.70 X 10°
2 3 .4 0 X 10^ 3.72 X 10^
3 1.45 X 10*+ 1.72 X 10*-^
Notes
(l) 25% propan-2“Ol plus 2,000 p.p.m, av.Cl. in distilled 
water.
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3.1.2.5 Diluent
Dilution of spores surviving after disinfectant 
treatment in either quarter strength Ringer’s solution or 
distilled water was compared. B.subtilis spores were tested 
against a mixture containing 25 per cent, propan-2-ol and
2,000 p.p.m. av.Cl. using the method described in section 
2.4*3,1 (Materials and Methods), Samples were removed at 
one minute intervals up to three minutes, added to 0.5 per 
cent, sodium thiosulphate solution and then dilutions carried 
out in both quarter strength Ringer’s solution and distilled 
water, After leaving these dilutions to stand for 30 minutes 
at room temperature they were plated'in duplicate onto 
nutrient agar plates and incubated at 32°G for up to seven 
days. The mean results are shown in Table 10. A comparison 
of the means using a Student’s t-test for paired data showed 
that there 7/as no difference between the counts obtained using 
the two diluents at the significance level p = 0.05* Quarter 
strength Ringer’s solution was chosen for future work.
3.1.2.6 Accuracy of 50-dropper pipettes
Since 50-dropper pipettes were used for the 
delivery of drops in the Miles and Misra (1938) viable 
counting technique, it was thought necessary to check that 
they delivered accurately sized drops.
Commercially manufactured pipettes without cotton 
wool plugs were compared with laboratory prepared pipettes 
which were plugged with non-absorbent cotton wool. The 
assumption was made that one ml of tap water at room 
temperature weighs one gm. Pipettes were chosen at random 
and any with visibly damaged tips were discarded. Fifty drops 
were then delivered from each pipette into a pre-weighed 
Bijou bottle and the weight noted. This was repeated in 
triplicate for each pipette tested from the laboratory 
prepared group and in duplicate for each pipette in the 
commercially manufactured group. The results are shown in 
Table 11,
A significant difference (p = O.OOl) between the 
tvvo groups of pipettes was shown,with the laboratory prepared 
group consistently delivering less than one ml from 50 drops 
(less than 0.02 ml per drop). The commercially manufactured 
pipettes were shown to deliver accurately sized drops and were 
therefore chosen to be used for all subsequent work,
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TABLE 11
SIZE Off DROPS DELIVERED BY 50-DROPPER PIPETTES
Laboratory prepared
pipette
1
D
weight of 50 drops
1.04
0.99
0.98
0,91
0.95
0.92
0.89
0.85
0.89
0.95
0.88
0.94
0.88
0.90
0.90
mean Wt o
1.00
0.95
0.88
0.92
0.89
vol. of one drop
0.020
0.019
0.018
0,018
0.018
G0mmercially manufactured
pipette
1
4
weight of 50 drops
8
0.98
0.99
0.98
1.01
1.01
1.01
1.03
1.01
1.00
1.00
1.01
1.03
1.01
1,00
1,00
mean wt,
0.985
0.995
1.01
1.02
1.00
0.99
1.02
1,00
vol, of one drop
0.020
0,020
0.020
0.020
0.020
0,020
0.020
0.020
TABLE 12
COMPARISON OF QXOID ARP SARTORIUS MEMBRANE FILTERS FOR FILTERING SUSPENSIONS OF B.SUBTILIS SPORES
Oxoid filters ' Sartorius filters ^
Number of Number of Number of Number ofspores spores spores spores(c,f .u/ml) in (o.f,u/ml) in (c.f.u/ml) in (c.f.u/ml) insuspension filtrate suspension filtratefiltered filtered
5.70 X 10^ < 5 U.50 X 10^ 6.85 X 10^
5.70 X 10^ < 5 4.50 X 10^ 4.52 X 10^
5.70 X 10^ <5 4.50 X 10^ 1.65 X 10^
5.70 X 10^ <5 4.50 X 10^ 2.00 X 10^
5.70 <5 4.50 2.00
Note
(l) Membrane filters had been autoclaved in-situ in Sartorius 
membrane filtration apparatus.
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5,1,2,7 Efficiency of membrane filtration technique
In order to check that liquids were sterile after 
filtration and that small numbers of organisms were recoverable 
from a large volume of liquid the following experiments were 
carried out.
First, a suspension of B,subtilis spores in water 
(approximately 10^ per ml) was diluted to give five tenfold 
dilutions, A viable count was carried out using the Miles and 
Misra technique. Ten ml of each dilution was then filtered 
using sterile sets of Sartorius membrane filtration apparatus. 
After filtration, viable counts were carried out on the 
filtrates. Initially, Sartorius membrane filters were used. 
These were placed in position and then the complete apparatus 
was autoclaved with the filter in-situ. In a second similar 
experiment, Oxoid membrane filters were used and also 
autoclaved in-situ. Both types of filter were grade 0,45 but 
whereas the Sartorius filters were 4*7 cm in diameter, the 
Oxoid filters were 5^0 cm and therefore slightly overlapped 
the edge of the apparatus.
The results (Table 12) showed that whilst the Oxoid 
filters worked efficiently, the Sartorius filters allowed 
large numbers of spores to pass through. This could be due 
either to liquid leaking around the edge of the filter, or 
to the membranes having undergone some damage during autoclaving> 
thus allowing spores to pass through. It v/as decided that in 
future pre-sterilized filters would be used to prevent any 
possible damage caused due to autoclaving.
Further experiments were next carried out in order 
to check the efficiency of pre-sterilized filters (Millipore 
type HC 47 mm diameter) used in dartorius membrane filtration 
apparatus,
A suspension containing approximately 3-5 x 10^
B.subtills spores per ml was diluted and a viable count carried 
out. Samples of the dilutions used for the viable count were 
then added to 100 ml volumes of sterile distilled water and 
filtered. Membranes were plated onto blood agar plates and 
colonies counted after 48 hours. Similar experiments were 
performed using Pseudomonas putida and Mycobacterium fortuitum. 
The results are shown in Table 13*
14-5
Analysis of the results showed that the predicted 
counts were not significantly different from the actual 
counts obtained and that therefore the filters were working 
efficiently. It v/as noted that colonies never grew within 
approximately two mm of the edge of the membrane, indicating 
that leakage of fluids around the edge of the membrane did 
not occur. In addition, since the membranes were used as 
supplied, without any further sterilisation treatment, it is 
unlikely that any organisms would be able to pass tiirough the 
membrane. In subsequent experiments, Sartorius apparatus with 
pre-sterilized Millipore or Oxoid filters were used.
146
TABLE 13
E FFICIENCY Off P R E-STE RILIZED MILLIPORE MEMBRANE 
FILTERS U SED IN SARTORIUS MEMBRANE F I L TRATION 
APPARATUS
Test organism and viable count (c,f,u/ml) of stock suspension
Approximate number of organisms filtered (1/
Number of colonies on membrane ( 2)
Bacillus subtilis.- spores { 3 .2 5  X 10^ ) 3 ,2 5 0
u ( 3 )
1 ,3 0 0 Ü
650 450
325 283
172 168
3 2 .5 29
Pseudomonas 0 75 57putida 13.75 x 10^) 37.5 27
18.75 19
7.5 7
3,75 6
1.9 1
Mycobacterium 870 705fortuitum 430(4.35 X 10?) 4352 1 7 .5 201
87 86
43.5 42
2 1 .7 5 15
Notes
(1) Calculated from viable count and volume of diluted 
suspension added to 100 ml sterile water for filtering.
(2) After incubating on blood agar plates at 37^0»
(3 ) U = uncountable, confluent growth of colonies on membrane.
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3.2 DISINFECTANT TESTS
3.2.1 ALCOHOLS
3.2.1.1 Sterility of alcohols
Since alcohols have no sporicidal activity (section
3.2.1.2) and there have been reports of spores surviving for 
up to 20 years in alcohols (Sykes, I9 6 5), it was thought 
necessary to check the sterility of the alcohols used.
100 ml of each of the alcohols (methanol, ethanol, propan-l-ol, 
propan-2-ol and ethanediol) was filtered through Oxoid 
membrane filters. The membranes were plated onto dried nutrient 
agar plates and incubated at 32°G for three days. No colonies 
formed on any of the filters in this period and therefore warm 
molten agar was poured over the top of the membrane. After 
incubating for a further three days there v/as still no growth 
on any plate indicating the absence of bacterial contamination.
3 .2.1.2 Sporicidal activity of alcohols
The activity of the five alcohols (50 per cent, 
aqueous solutions) against a suspension of B.subtills spores 
was measured using the method described in section 2.4.3.1 
(Materials and Methods). The results, which are shown in 
Table 14 demonstrated that the alcohols had no activity 
against B.subtills spores with up to 24 hours contact,
3 .2.1 .3 Bactericidal activity of alcohols
The activity of alcohols against S.coli was tested
as described for mixtures in section 2.5*2 (Materials and 
Methods). The results are shown in Table 15* In addition, 
a Kelsey-Sykes capacity test (Materials and Methods, section
1 .5 .2.2) using Pseudomonas aeruginosa was carried out on each 
of the five alcohols. These results are shown in Table I6 .
Both sets of results showed that ethanediol had very 
little activity compared with the other alcohols and propan-l-ol 
apparently had the best activity. The reason for the higher 
concentrations of alcohol required to pass the Kelsey-Sykes 
test than to give five log reductions of bacteria in the 
suspension test is that, being a capacity test, the disinfectant 
was progressively diluted throughout the test. In fact, in 
this capacity test one ml of bacterial suspension was added 
to three ml of the disinfectant dilution at the start of the 
experiment thus immediately reducing its effective concentration 
by 25 per cent. In addition, the organisms used in the two 
tests were different, which could have had a bearing on the 
actual results achieved, although the general order of activity 
should have been the same.
SPORICIDAL (1)
TABLE Ik
ACTIVITY OP ALCOHOLS AT 25^G
Alcohol {50fo aqueous solution) Exposure time (hours) Survivors (x lO^/ml)
Methanol 0 1.70
1 1.45
3 1.40
2h 1.75
Ethanol 0 1.55
1 1.65
3 1.90
■ 2k 0.96
Propan-l-ol 0 0.89
1 1.08
3 1.09
24 0.96
Propan-2-ol 0 1.45
1 1.60
3 1.35
24 1.50
Ethanediol 0 0.96
1 1.22
3 1.09
24 1.17
Notes
(l) Test organism = Be subtills spores
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TABLE 15
BACTERICIDAL ACTIVITY OF ALCOHOLS AT 25^0
Alcohol Activity against E . No. of log reductions coliTime (mins)
Methanol 1 .0 < 1 in 560
Methanol 1 0 .0 < 1 in 360
Methanol 2 0 .0 <1 in 560
Methanol 3 0 .0 3 in 360
Methanol 40.0 5 in 30
Methanol 50.0 5 in 3
Ethanol 10.0 <1 in 360
Ethanol 50.0 5 in < 1
Propan-l-ol 5 0 .0 5 in <1
Propan-2-ol 50.0 5 in < 1
Ethanediol 50.0 1 in 360
TABLE 16
^om(1)KBLSSY-SYKES CAPACITY TEST^"^ ON ALCOHOLS AT 21 ± IOC
Alcohol
Concentration (>^i) r test un
(a) clean conditions
squired to pass the der
(h) dirty conditions
Methanol 
Ethanol 
Propan-l-ol 
Propan-2-ol 
Ethanediol
80
55
20
40
100% failed
85
65
25
50
100% failed
Notes
(1) Test organism P.aeruginosa NCTO 6?49
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3.2.2 hypoc h lo r it es:
3.2.2.1 Unbuffered solutions
3.2.2.1.1 Stability
The stability of hypochlorite solutions may be
affected by temperature y concentration^ pH, presence or
absence of heavy metal ions and exposure to light. There 
are basically three pathways by which hypochlorite solutions 
can decompose. Firstly, by interaction of the two species 
001* (hypochlorite ion) and HOGl (hypochlorous acid), which 
are formed when sodium hypochlorite is hydrolysed in water 
(see Introduction, section 1.3.2.1.1. and Appendix III).
Such interaction is greatly affected by pH since lowering 
the pH of the sodium hypochlorite solution will increase the 
HOGl concentration which in turn causes the rate of 
decomposition to increase. OGl” and HOGl interact producing 
the decomposition products, sodium chlorate and hydrochloric 
acid as shown in the equation;-
Na+OGl* + 2H0Gl-»NaG10j + 2HG1
The formation of hydrochloric acid reduces the pH 
of the solution still further thus accelerating the decomposition. 
This self-accelerating decomposition is kept at a minimum in 
many commercial hypochlorite solutions by the presence of an 
excess of alkalinity (sodium hydroxide).
Photochemical decomposition can occur if the 
hypochlorite solution is exposed to light, which breaks down 
the hypochlorite to chlorite, (GIO^”)? and oxygen. For this 
reason, solutions are usually stored in dark or opaque 
containers.
Catalytic decomposition occurs in the presence of 
heavy metal ions such as copper, cobalt, manganese, nickel and 
iron, producing sodium chloride and oxygen.
High temperatures tend to reduce the stability of 
■hypochlorite solutions since the rate of the above reactions 
is increased as the temperature is raised.
In order to test the stability of the stock sodium 
hypochlorite solutions used throughout the period of work, 
samples were stored under different temperature conditions 
as described below, and their available chlorine levels 
assayed periodically.
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Sodium hypochlorite (10-14 per cent, w/y) supplied 
by B.D.K. Ltd, was diluted one-in-two and one-in-ten in 
distilled water. 600 ml samples of these dilutions and of 
the neat solution were placed in brown, plastic, screw-topped 
bottles (supplied by Richardon-Merrell Ltd,, Slough as used 
for Milton fluid), which were then stored at 4> 24 and 41^^G«,
A domestic refrigerator was used for the samples 
and laboratory incubators for the other samples. At regular 
intervals up to two years, samples were removed and assayed 
for available chlorine by the sodium arsenite titration method 
(Materials and Methods 2,3.3*2). The results are shown in 
Figures 4 and 5.
Figure 4 shows that for each of the three 
concentrations of sodium hypochlorite, the rate of loss of 
available chlorine was more rapid the higher the storage 
temperature. Solutions stored at 4^G showed very little 
decomposition even over a two year period. (All hypochlorite 
solutions used throughout the period of work for this thesis 
were stored at 4^0).
The results also showed that the higher concentration 
solutions initially lost available chlorine at a far more 
rapid rate than solutions containing lower concentrations of 
sodium hypochlorite, although in most cases the rate of loss 
became similar after a certain period of time. For example:,, 
at 44^0 all three dilutions had the same level of available 
chlorine present by 24 weeks. For this reason, it would seem 
to be best to store solutions at the lowest practicable 
concentration.
The graph for solutions containing 10,000 p.p.m. av.Gl. 
has been re-drawn on a larger scale in Figure 5 to obtain 
greater clarity. Although with the 100,000 and 50,000 p.p.m. 
av.Cl, solutions the rate of loss of available chlorine 
gradually decreased with time, in the 10,000 p.p.m. av.Gl, 
solutions a sudden decrease was observed, beginning at 32 weeks, 
at 24^0, and at 64 weeks at 4*^ 0. Possibly contaminants which 
catalysed decomposition were introduced into the bottles during 
sampling. However in order to investigate this, repeat curves 
would have to be done and as the experiment is a long term one 
this was not possible.
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FIGURE 4
Long-term stability of three sodium hypochlorite solutions stored at 4, 2 4 and44bC '
Temperature
• 4^0 
o 24°C 
T 44^0
FIGURE 5
Long-term stability of a solution of sodium hypodhioriteTTo,OOP p.p.m. av.GlT) stored at 4, 24 and 4 4 ^  ~
Temperature
© 4°0 
o 24^0 
▼ 44°C
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FIGURE 4
Hypochlorite 
Concentration 
(ï)»D*:n» av.Cl)
1 00 ,00 0
90,000
o O ,000
70,000
60,000
4o,000 
■30,000
20,000
10 ,000
8 16 24 32 40 48 56 64 72 80 88 96 104 112
storage Time (weeks)
FIGURE 3
16 24 32 4o 48 56 64 72 80 88 96 104 112storage Time (weeks)
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3»2.2,1.2 Effect of dilution on the pH of sodium, hypochlorite 
Rudolph and Levine (l9hl) and others demonstrated 
that the germicidal activity of a hypochlorite solution may 
increase with dilution, possibly due to the decrease in pH (1.3.2.11).
In order to investigate the effect of dilution, 
a concentrated solution of sodium hypochlorite was diluted 
in distilled water, WHO standard hard water (2.2.5 (e)) and 
London tap water, and the pH and available chlorine concentration 
measured. The results (Table 17) showed that with each diluent, 
the pH fell as the sodium hypochlorite was diluted. However, 
the actual water used affected the extent to which the pH 
fell, with the pH falling lower in tap water than in distilled 
or WHO hard water. The explanatiom for this is that due to 
the excess of alkalinity in concentrated sodium hypochlorite 
solutions the pH would not be lowered so much in distilled 
water as in tap water where tin presence of dissolved solids 
act in a buffering capacity (Pusooe, 1976).
5.2.2.1.3 Sporicidal activity of sodium hypochlorite solutions
The sporicidal activity of sodium hypochlorite 
diluted in distilled water was tested using B.subtills spores 
and the method described under section 2.h«3.1 (Materials and 
Methods), The results are shown in Table 16, HOOl concen­
trations were calculated as described in Appendix III. The 
results confirmed that the activity of hypochlorite solutions 
was pH dependent.
As shown in the previous section, when a sodium 
hypochlorite solution was diluted, the pH fell due to a 
reduction of the amount of hydroxyl ions formed in the 
hydrolytic process. Thus, the pH in a dilute solution may be 
lower than that in a more concentrated solution and the HOOl 
-concentration can be greater. Since HOGl possesses greater 
microbicidal activity than OGl“ (section 1.3.2,11 Introduction), 
it follows that a solution containing 520 p.p.m. av.Gl. at 
pH 10.1 could be more active than one containing 2,000 p.p.m. 
av.Gl. at pH 11.U. In fact, since OGl“ does have some 
microbicidal activity the results are not solely related to 
the calculated concentration of HOGl, as can be seen for 
instance, with the solution containing i+,000 p.p.m. av.Gl.
(Table 18),
155
TABLE 17
EFFECT OP DILU5NT ON THE pH OF SODIUM HYPOCHLORITE AT 21 ± l^G
Sodium hypochlorite concentration (p.p.m, av.Cl.)
pH when diluted in
Distilled water WHO hard -water Tap water
2,000 11.5 11.4 10.6
1,000 11.1 11.0 9.8
100 9.6 9.4 8.5
50 9.2 9.1 8.2
25 9.0 9.0 8.1
TABLE 18
SPORICIDAL ACTIVITY OP SODIUM HYPOCHLORITE
SOLUTIONS at 25 G
Sodium hypochlorite concentration (p.p.m. av.Gl.) pH
Time (mins) required to achieve five log reductions of B.suhtilis spores
Hypochlorousacidconcentration (p.p.m. HOGl)
112 9.6 80 0.94
212 9.8 70 1.12
520 10.1 50 1.40
1,000 11.1 180 0.3
2,000 11.4 60 0,2
4,000 11.7 20 0.0
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3,2.2*1.4 Bactericidal activity of sodium hypochloritesolutions
The activity of sodium hypochlorite solutions against 
E.coli was tested using the method described in section 2.5*2 
(Materials and Methods), The sodium hypochlorite was diluted 
in distilled water, thus, as described in section 3.2.3*1.2, 
the pH was lower in the more dilute solutions. The results 
(Table 19) showed that sodium hypochlorite was rapidly 
bactericidal at concentrations as low as ten p.p.m. av.Cl.
3.2.2.1.5 Corrosion of metal wires by an unbuffered sodium hypochlorite solution ~
One of the disadvantages of halogens as environmental 
disinfectants is that they are liable to corrode metals. In 
order to study the effects of hypochlorite solutions on metals, 
the following experiment was carried out in which a solution 
containing 2,000 p.p.m. av.Cl. at pH 11.4, was used.
A solution of sodium hypochlorite in distilled water 
containing 2,000 p.p.m. av.Gl. was prepared and distributed 
in 15 ml volumes in universal bottles. Pieces of metal wires, 
were suspended in the sodium hypochlorite solution such that 
approximately one cm of each was immersed in the solution, •
The length of each wire was measured from the point where the 
wire bent over the rim of the bottle or from a marked point 
on the wire near to the rim of the bottle. Caps were replaced 
and the bottles placed in an incubator at 25^0, A control 
bottle containing 20 ml of solution but no wire was also placed 
in the incubator.
The wires tested were as follows:- galvanised, iron; 
copper; stainless steel, a high grade used fbr fishing wire; 
tinned copper; spring steel, used for piano springs; brass; 
phospho-bronze; nichrome - two qualities (a) unspecified 
composition thicker than (b) with a dull surface,and 
(b) 80/20 ; NIG/CHR with a shiny surface; and platinum.
Bottles were left at 25°G for up to three months and 
the amount of corrosion estimated after sixty-five hours, 
two weeks and three months by visual observation and by 
measurement of length and diameter of the wires. The results 
(Table 20) showed that platinum and stainless steel were the 
only wires which showed no apparent corrosion after three 
months immerdon. Furthermore, although the available chlorine 
in the control bottle fell from 2,000 p.p.m. av.Gl. to 1,400 
p.p.m. av.Gl,, all but three solutions in which wires were
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TABLE 19
BACTERICIDAL ACTIVITY OF SODIUM HYPOCHLORITE
Sodium hypochlorite concentration (p.p.m, av.Cl.) pH
Activity against S.coli
No. of log reductions time (mins)
95 9.6 5 in < 1
42 8.8 5 in < 1
10 7.1 5 in 10
1 7.0 3 in 240
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immersed had no detectable available chlorine left after 
three months. This v/as a further indication that reaction 
between the metals and the hypochlorite had occurred.
Spring steel and galvanised iron were the wires 
most severly corroded, as judged by visual appearance. Copper, 
tinned copper, brass and phospho-bronze apparently suffered 
similar but lesser amounts of corrosion whilst the nichrome 
wires showed even less severe effects.
In many cases corrosion was noticed particularly 
on sections of the wires at the air/liquid interface. This 
was probably due to the increased oxygen concentration in this 
region. Tiller (1977) stated that in waters containing 
appreciable amounts of chloride the corrosion rate increases 
markedly with increasing oxygen concentration. It was also 
noted that corrosion was not limited to the submerged sections 
of the wires but also occurred (generally to a lesser extent) 
on the sections exposed only to the vapour phase of the 
hypochlorite solution.
It should therefore be concluded that metals other 
than platinum or stainless steel should not be immersed for 
long periods in sodium hypochlorite disinfectants containing 
2,000 p.p.m. av.Cl, or greater. Short periods of immersion 
followed by thorough rinsing might not cause damage,
3*2,2,2 Buffered solutions 
3*2,2.2.1 Stability
pH is one of the most important factors affecting 
the decomposition of hypochlorite solutions (3,2,2.1,1).
In order to investigate the effect of pH on the stability 
of dilute solutions of sodium hypochlorite, buffer solutions 
were prepared covering the pH range 5 - 10 (2.3.1,3 Materials 
and Methods), Neat sodium hypochlorite solution (approximately 
0,1 ml) was added to each buffer solution (100 ml) such that 
a concentration of 100 p.p.m. av.Gl. was obtained. Glass 
bottles with metal screw-caps each containing 100 ml of 
solution were placed in a water bath at 23°G which was covered 
with a lid to exclude light. Measurements of available 
chlorine were made at intervals using the sodium arsenite 
titration method (2.3.3*2 Materials and Methods). The results 
(Table 21) demonstrated that stability of hypochlorite solutions 
increased with increased pH,
160
TABLE 21
EFFECT OF dH ON THE STABILITY OF HYPOCHLORITE SOLUTION AËD'A MBTHiUTOL/HYP.OGHLORITE MIXTURE AT 25^0
Time taken for av.Gl. level to fall below 10 p.p.m. from:
pH 100 p.p.m. av.Gl. 1% methanol + 100 p.p.m. av.Gl.
5.0 20 minutes 20 minutes
6 oO 1 hour 1 hour
7.0 3 weeks !{. days
7.6 >6 months 1 week
8.0 >6 months 1-2 weeks
9.0 >6 months 1 month
10.0 >6 months 5 months
TABLE 22
EFFECT OF pH ON THE SPORICIDAL ACTIVITY OF FRESH SODIUM HYPOCHLORITE SOLUTION CONTAINING 100 av.Cl. AT 25^0
pH Log reductions in B.subtllis spore count achieved in:2 min 5 min 10 min 15 min 20 min 30 min
5.2 k >5 >5 > 5 >5 >5
6.1 >5 >5 >5 >5 >5 >5
7.0 k >5 >5 > 5 >5 >5
7.5 k >5 >5 >5 >5 >5
7.5 1 >5 >5 >5 >5 >5
7.6 1 5 >5 > 5 >5 >5
7.7 <1 4 >5 >5 >5 ' >5
7.8 <1 3 >5 >5 >5 >5
8.1 <1 3 >5 >5 >5 >5
8.2 <1 <1 4 >5 >5 >5
8.4 <1 <1 3 4 >5 >5
9.0 <1 <1 <1 <1 1 3
9.9 <1 <1 <1 <1 <1 <1
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3.2.2.2,2 Sporicidal activity
Although many authors have demonstrated the 
increased antimicrobial activity of hypochlorites with 
lowered pH values (Introduction 1.3»2ell) fev/ have applied 
buffered hypochlorites to practical situations. This could 
perhaps be due to the reduced stability demonstrated in the 
previous section (3«2*2»2.l). In order to relate sporicidal 
activity and stability of solutions at various pH values, 
the following experiments were carried out*
Buffers covering the range pH 3 - 10 were prepared 
and sodium hypochlorite solution added to give solutions 
containing 100 p.p.m. av.Gl. The activity of these solutions 
against a suspension of B.subtilis spores was measured using 
the method described under section 2.4*3,1 (Materials and 
Methods), All solutions were tested immediately after 
preparation.
In preliminary control experiments it was 
demonstrated that the buffer solutions had no detectable 
sporicidal activity over the experimental times involved. 
Furthermore, a solution buffered to pH 8 with phosphate 
buffer had the same sporicidal activity as a solution 
buffered to pH 8 with boric acid/borax buffer. All 
experiments were done in triplicate.
Table 22 shows the minimum log reductions in spore 
count achieved at each pH investigated. The scatter of 
results obtained fell in the range n to n + 1 where n was 
the minimum log reduction achieved. As the pH was lowered, 
the sporicidal activity increased, reaching a maximum at 
around pH 6. This was due to the increase in concentration 
of hypochlorous acid relative to hypochlorite ion as the pH 
decreased (see Introduction 1.3.2.11). However, at pK 6 
a solution containing 100 p.p.m. av.Gl, was very unstable 
(Table 21) whilst from pH 7 to pH 8 good sporicidal activity 
coupled with stability could be achieved. A further 
experiment showed that a solution containing 100 p.p.m. av.Cl, 
and buffered to pH 7,6 had the same sporicidal activity when 
one week old, as when freshly prepared.
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3.2.2e2«3 Bactericidal and fungicidal activity
The activity of one of the above solutions, 
viz. 100 p.p.m. av.Gl. pH 7*6, was tested against the 
following vegetative bacteria and a yeast, using the method 
described in section 2*5*2 (Materials and Methods).
Mycobacterturn fortuitum Escherichia coli 
Pseudomonas aeruginosa Staphylococcus aureus
Proteus vulgaris Candida albicans
The results are shown in Table 36 where they are 
compared with the results obtained for a similar experiment 
using an alcohol + hypochlorite mixture* All of the above 
organisms except M.fortultum were killed extremely rapidly 
by 100 p.p.m. av.Gl* at pH 7.6, five log reductions being 
achieved in less than one minute. Variable results were 
obtained with M.fortuitumo probably due to clumping of the 
organism.
Next, the activity of lower concentrations of 
buffered sodium hypochlorite (pM 7.6) against E.coli was 
measured using the same method* The results are showh in 
Table 23.
These results, compared with those in Table 22 
showed that vegetative bacteria were much more easily killed 
by a given sodium hypochlorite concentration than were 
bacterial spores,
3.2.2,2.4 Corrosion of metal wires by a buffered solution of sodium hypochlorite
A solution containing 100 p.p.m, av.Gl. in a borax/ 
boric acid buffer, with a pH of 7.8 was prepared and tested 
for corrosion against ten metal wires as described in section
2.2.1.4 (Results). The wires were as described in section
3.2.2.1.4 except for the lengths which were slightly different 
in some cases (Table 24).
Wires were suspended in the buffered hypochlorite 
solution such that one cm was immersed, and the bottles stored 
at 25^0 for three months.
The results are shown in Table 24. The same types 
of corrosion as with 2,000 p.p.m. av.Cl.were noted but 
corrosion was far less severe. Spring steel was the only 
wire showing serious corrosion whilst most of the other 
wires were hardly affected, and again stainless steel and 
platinum showed no signs of corrosion at all.
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Thus although this buffered solution contained 
a larger concentration of hypochlorous acid (34.8 p.p.m,), 
than the unbuffered solution containing 2,000 p.p.m. av.Gl. 
(0.2 p.p.m. HOGl) it was far less corrosive. The significance 
is therefore, that although by buffering to a lower pH 
the microbicidal activity can be increased, the corrosiveness 
of the solution does not simultaneously increase*
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TABLE 23
BACTERICIDAL ACTIVITY OF SODIUM HYPOCHLORITE BUFFERED TO~pH 7.6 ÂT 25^0
Sodiura hypochlorite concentration (p.p.m. av.Cl.) Time (mins) required to give 5 log reductions of E.coli
10 2
5 2
2 60
1 60
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_SUMMARY OP SECTIONS 3.2.1 A m  3.2.2
At this stags it was thought that it would he
useful to summarise the results obtained in the preceding
sections c oncerning alcohols and hypochlorites,
3.2.1 ALCOHOLS
(1) All the alcohols tested were shown to be sterile (3.2.1.1).
(2) None of the alcohols showed any activity against 
■B.subtilis spores (3,2.1.2).
(3) Methanol concentrations up to 20 per cent.' showed 
no bactericidal activity using E .coll and contact 
periods of up to six hours (3*2,1,3).
(4) Ethanediol showed very little bactericidal activity 
but ethanol j, propan-l-ol and propan-2-ol were slightly 
more active than methanol (3*2,1.3).
3.2.2 HYPOCHLORITES
(1) Hypochlorite solutions were more stable at low (4°G) 
than high (4^^C) temperatures. (3«2.2,1,1) .
(2) Stability was dependent on pH; the higher the pH 
the greater the stability. (3*2.2.2,1),
(3) The pH of unbuffsd solutions depended on the 
concentration, pH was lowered by dilution (3*2.2.1,2).
. (k) Sporicidal activity was dependent on pH; the lower
the pH the greater the activity. Thus, dilute 
solutions with a low natural pH may be as active as 
more concentrated solutions with higher pH values,
(3.2.2,1.3).
(5) By buffering hypochlorite solutions, the pH could
be raised to give greater stability but poorer activity 
and vice versa. For practical purposes, a compromise 
between stability and sporicidal activity must be 
achieved. Thus, a solution containing 100 p.p.m. av.Cl. 
between pH7 and pH8 was shown to have good sporicidal 
activity whilst being relatively stable,
(6) An unbuffered solution containing 2,000 p.p.m. av.Gl.
(pH 11.U) was shown to be far more corrosive.to metals 
than a solution containing 100 p.p.m. av.Gl. buffered 
to pH 7*6» Thus, a more sporicidally active solution 
which is less corrosive to metals can be obtained by 
reducing the concentration of available chlorine and 
buffering to a lower pH.
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3.2.3 MIXTURES OF ALCOHOL AND HYPOCHLORITE
Kelsey et al. (197U) showed that a freshly prepared 
mixture containing methanol (50 per cent.) and sodium 
hypochlorite (2,000 p.p.m. av.Gl.) had better sporicidal 
activity than either methanol or sodium hypochlorite alone.
They did not investigate other alcohols or study the physical 
and chemical properties of such mixtures.
Having examined the activity of alcohols and 
sodium hypochlorite separately, the properties of mixtures 
of alcohol and hypochlorite will now be studied,
3.2.3»! Physical and chemical properties
3*2.3.1.1 Temperature changes
When preparing mixtures of alcohol and hypochlorite 
it was noticed that the vessel in which the mixture was 
contained became warm* For this reason, the temperature 
changes occurring on mixing the various components were 
measured, initially using a mercury in glass thermometer 
(-10 to llO^C) and later repeating experiments and using a 
Comark thermocouple with digital readout.
No change in temperature occurred when sodium 
hypochlorite solution was mixed with water. However, when 
alcohol and water were mixed a rise in temperature of up to 
six degrees Centigrade was observed; (For example the 
temperature of five ml of propan-2-ol and five ml of water 
each initially at 21°C rose to 26^C within ten seconds of 
mixing). When sodium hypochlorite solution was added to an 
alcohol/water mixture no change in temperature occurred 
providing the temperature of the alcohol and water had already 
been stabilised. When alcohol was added to sodium hypochlorite 
in water a rise in temperature which was similar to that 
described for alcohol added to water, was observed.
It was therefore concluded that the reaction of 
alcohol with water was exothermic and sodium hypochlorite 
did not affect this. Addition of sodium hypochlorite to 
water caused no heat production. However, since the heat 
produced when mixing alcohol and water could affect the 
hypochlorite (for example its stability), alcohol and water 
were subsequently mixed and brought to the experimental 
temperature before adding the hypochlorite.
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3 -2,3 *1•2 pK changes
The pH of mixtures was measured over a period of 
up to 24 hours after preparation* A Phillips PvV 9418 pH meter 
fitted with separate glass and reference electrodes was used 
for all measurements* The reference electrode had a moveable 
ground-glass sleeve to provide a large liquid junction since 
it is sometimes difficult to measure the pH of liquids 
containing alcohols with a combined pH electrode* Initially 
it was shown that the pH of solutions of alcohols did not 
change during the test period and* similarly, a solution of 
sodium hypochlorite containing 2,000 p.p.m. av.Ol. showed 
no change in pH during this time* However, when alcohol 
and hypochlorite were mixed pH changes occurred as the 
mixtures aged. The results are shown in Table 25.
In mixtures containing methanol, propan-l-ol or 
ethanediol, the pH fell with time whilst in mixtures 
containing ethanol or propan-2-ol the pH rose* The greater 
the concentration of alcohol present, the more rapid was 
the change in pH. In section 3e2»3*1.3 it is shown that a 
loss of available chlorine with time occurs in alcohol/ 
hypochlorite mixtures. The relationship of change of pH 
with loss of available chlorine is shown in figure 6 (a)-(g). 
In each case the initial available chlorine concentration 
was 2,000 p.p.m. but the alcohol type and concentration was 
different as indicated in the legend preceding the figures*
In most cases little change in pH was observed after all the 
available chlorine had been lost* In pure sodium hypochlorite 
solutions a loss of available chlorine is accompanied by a 
fall in pH due to the formation of hydrochloric acid but this 
is a relatively slow process. (3*2,2.1*1)* The chemical 
reactions occurring in alcohol/hypochlorite mixtures may be 
different for each alcohol and probably different in the 
group which caused a rise in pH (ethanol and propan-2-ol) 
than in those in which a fall in pH occurred (methanol, 
propan-l-ol and ethanediol). Possible chemical reactions 
taking place in the mixtures are discussed later (4*3).
3.2.3.10 Stability
Addition of alcohol to hypochlorite effected a 
progressive loss of available chlorine with time which was 
far more rapid than the rate of loss observed in pure 
hypochlorite solutions (3.2.2.1.1). Breakdown curves were 
plotted after measuring available chlorine levels in
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TABLE 25
CHANGE OP pH WITH TIME IN MIXTURES OP ALCOHOL AND » HYPOCHLORITE AT 2 5 %
2,000 p.p.m. av.Cl 
4- alcohol C/%) , pH of mixture x hours after preparation0 1 2 4 6 8 24
Methanol 15.0 
25.0 
50.0
11.1
11.2
11.4
11.0
10.4-
8.9
10.7
9.5
8,0
10.0
7.0
7.7
9.4
7.0
7.7
8.5 
7.0
7.6
6.0
7.0
7.6
Ethanol ,10.0 
15.0 
25.0 
' 5 0 .0
11.5
11.6 
11.5 
12.2
11.6
11.8
12.0
12.8
11.7 
11.9 
12.2
12.8
12.2
12.0
12.2
12.2
12.8
12.2 12*2
Propan-l-ol 10,0 
,15.0 
25.0
11.3
11.5
11.6
11.2
11.5
11.3
11.1
11.4
11.0
11.0
10.6
11.3
10.0 9.8 8.4
Propan-2-ol' 10.0 
15.0 
20.0 
25.0
11.5
11.6
11.7
11.7
11.6
11.7
11.9
12.1
11,6
11.9
12,1
12.3
12.1
12.3
12.0
12.2
12.2
12.3
12.2
12.3
12.2
12.2
Ethanediol 15.0 
25.0 
. 50.0
11.1
10.8
10.8
10.1
9.8
9.0
9.4 
9.0
7.4
8.1
6,6
6.0
7.1
5.4 4.8
TABLE 26
LOSS OF AVAILABLE CHLORINE WITH TIME IN MIXTURES CONTAINING 50 PER CENT* METHANOL AND 2,000 p.p.m. av.CI, IN DISTILLED WATER AT 2 5 %
■ Time Available chlorine (p.p.m.)(minutes) Experiment 1 2 3 4 5 6
0 2,070 2,130 2,130 2,020 2,130 2,050
20 1,580 1,560 1,460 1,590
30 1,200 1,170 1,240
40 780 900 890 960
60 420 410 440 600
65 420 420
75 440
95 300
110 180
120 50
170
FIGURE 6
Changes in pH and available chlorine concentration with time in mixtures containing alcohol and 2,000 p.p.m. av.Cl. at 25%
A pH
a available chlorine (p.p.m.)
Alcohol {%) present in mixtures
6(a) methanol (15)
6(b) methanol (25)
6(c) methanol (50)
6(d) ethanol (25)
6(e) propan-1-ol (25)
6(f) propan-2-ol (25)
6(g) ethanediol (25)
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FIGURE 6 (a)Hypoclorits 
C c ne e ntra t i on (p..n-i'î. aVeCl)
2,000 Ê
T ,000
(b)
1,000
2,000
1 ,000
  èë~
(d)
2,000
1 .000
2,000
1,000
(f)
2,000
1 , 0 0 0
(s)
2,000
1,000
mixtures held at 23^0 in a water bath. The reproducibility
of such curves was established by preparing a mixture
containing 50 per cant, methanol and 2,000 p.p,m. av,Cl,
in distilled water and measuring the rate of loss of
available chlorine. The experiment was performed six times
and the results obtained found to be reproducible (Table 26),
Cleanliness of all glassware and a constant reaction
temperature were essential for reproducibility.
Effect of initial concentration of sodium hypochlorite on stability of mixtures
Mixtures containing different initial concentrations 
of sodium hypochlorite (500-8,000 p.p.m. av.Ol.) were 
prepared and the rate of loss of available chlorine measured.
Each experiment was carried out at least twice 
and solutions kept at 25^0 throughout tte period of study, 
Figure 7-(a-j) shows the effect of varying initial available 
chlorine concentration for a given alcohol concentration.
In all cases it was shown that increasing the initial sodium 
hypochlorite concentration did not prolong the life of the 
mixture and in many cases the stability of the mixture was in 
fact reduced. This was shown particularly with mixtures 
containing ethanol or ethanediol. (G,d,i,j),
Self accelerating decomposition in hypochlorite 
solutions v/as discussed in section 5*2.2.1.1 (Results),
It seems likely that this may have been occurring in the 
mixtures containing the highest initial levels of available 
chlorine, thus causing a more rapid loss of available chlorine 
than in mixtures with lower initial levels.
Possible explanations for the reactions resulting 
in these differing rates of decomposition are discussed 
later (h,3).
Effect of alcohol on stability of mixtures
Mixtures containing either 15 or 25 per cent, 
methanol, ethanol, propan-l~ol, propan-g-ol or ethane-diol 
with 2,000 p.p.m. av.Ol, were prepared. Loss of available 
chlorine at 25^0 was measured and graphs of rates of loss 
of available chlorine plotted (Figure 8). Slight differences 
between the curves obtained with different alcohols were 
shown.
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FIG-UHE 7
Rate of loss of available chlorine in alcohol/ hypochlorite mixtures containing different initial available chlorine concentrations at 25°0
(%) present in mixtures:
7(a) methanol 50)
7(b) methanol 25)
7(c) ethanol 25)
7(d) ethanol 10)
7(e) propan-l-ol 25)
7(f) propan-1“Ol 15)
7(g) propan «~2-ol 25)
7(h) propan-2-ol 15)
7(1) ethanediol 50)
7(j) ethanediol 25)
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Hypochlorite 
Concentration 
(pap<,rïu- av.Cl)
7,000 à
FIGHRS 7 (a)
4,000
2,000
(b)
8,000
4,000
— &
000
4,000
000
4,000
8,000
4,000
Age of mixture (hours) •175
Hypochlorite C o n c c 111 .ra t i o n FIGURE 7 (f)
IP.P.R, 000
1 ,000
(g)
8,000
4,000
(h)
8,000
8,000
4,000
4,000
2,000
Age of mixture (hours)
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Figure 9 (a-e) shov/s the effect of alcohol
concentration on the rate of loss of available chlorine
for each of the five alcohols tested*, The results
demonstrated that the greater the alcohol concentrationj
the quicker was the rate of loss of available chlorine.
This was shown with each of the five alcohols*
Effect of pH on the stability of mixtures
The stability of unbuffered mixtures of alcohol
and hypochlorite was shown to be affected by (l) hypochlorite
concentration, (2) alcohol tyj^ e and (3 ) alcohol concentration.
It was also demonstrated that as mixtures lost their available
chlorine the pH changed (3 .2.3.1*2), The effect on stability,
of buffering mixtures to a given pH was therefore investigated.
A series of buffers covering the range pH 3 - 10
were prepared (Materials and Methods 2,3,1.3) and mixtures
containing one per cent, methanol and 100 p»p.m, av.Ol* made
up using buffer solutions in place of distilled water* These
mixtures were placed at 23^0 and levels of available chlorine
measured at intervals* Table 21 showed the results obtained
compared with the results for a solution containing only
100 p.p.m. aVeCl*
As with hypochlorite alone, the stability decreased
as the pH was lowered* but the mixtures were also less stable
than the hypochlorite alone*
Similar experiments were performed for other
alcohol/hypochlorite mixtures and the same trends observed*
Examples of the type of breakdown curves obtained at different
pH are shown by three mixtures in figure 10 (a-c)*
Effect of alcohol on the stability of alcohol/hypochlorite mixtures buffered to prFT.6
It has been shown that the type and concentration
of alcohol can affect the stability of unbuffered mixtures.
.The effect of alcohol in mixtures buffered to pH 7-6 with
phosphate buffer was therefore investigated to see if the
same effects were observed* Table 27 showed that, as with
unbuffered mixtures, the higher the concentration of alcohol
in the mixture, the more rapid the rate of loss of available
chlorine. The actual alcohol present was also shown to affect
the rate.
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Rate of loss of chlorine in mixtures containingS pOOO aVoGl* and 13 per cent* alcohol at 25^0
o methanol
o ethanol
A propan-l“-ol
a propan-2-ol
V ethanediol
FIGURE 8(h)
available ol 
i V . G l ,  and 2t
Legend as for Figure 8(a)
Rate of loss of chlorine in mixtures containing2,000 p.p.m. av 3 per cent, alcohol at 25*^ 0^'"
FIGURE 9
Effect of alcohol concentration on the rate of loss of available chlorine in mixtures initlally containing2,000 p.p.m. aVoOl. at 25^ ^^ G~~
A 10 per cent, alcohol 
M 13
□ 25 
o 30
T 75
tf 1» u
tt IÎ tt
M If If
)f n tt
Alcohol present in mixtures 
9(a) methanol 
9(b) ethanol 
9(c) propan-l-ol 
9(d) propan-2-ol 
9(e) ethanediol
FIGURE 10
Effect of pH on the rate of loss of available chlorine in mixtures containing alcohol and hypochlorite at 23^0
Alcohol/hypochlorite mixture
10(a) 13 per cent, propan-l-ol and 1,000 p.p.m. av.Cl.
10(b) 1 per cent, methanol and 100 p.p.m. av.Cl.
10(c) 13 per cent, propan-2-ol and 2,000 p.p.m. av.Gl.
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Hypochlorite 
C oncen tratien 
(p,r«îu„ av.Cl)
FIGURE 8 (a)
2,000
1,000
(b)
2,000
1,000
65 71 2
Age of mixture (hours)
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FIGURE 9 (ajHypochlorite 
C o ne e n t ra tien 
? o n o K . (P»P=m.av.Cl)
1 ,000
(b )
2,000
1,000
2,000
1,000
(d)
1,000
2,000
1,000
Age of mixtare (hours)
180,
Hypochlorite 
Concentration 
(X-*c.p«ni, av.Gl)
2,000
1,000
FIGURE 10
1,100
800
unbuffered 
"  0pH 9
4oo
d H 8
pH 7
4 61 32 3
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Hours
100
50
pH 7.6
4 61 2 3 5 7Day,
unbuffered
31 2 Hours 
Age of mixture
TABLE 27
EFFECT OF ALCOHOL. AND ALCOHOL CONCENTRATION, QN THE STABILITY OF ALGQHQfTIyPOGHLQRITB MIXTURES BUFFERED TO pH 7,6 AT 25QÇ
Alcohol .f 100,p.p.m, av*Gl. 
(%)
Time taken (days) for available chlorine to fall below ten p.p.nu
10.0 methanol 2
5,0 methanol 3
1,0 methanol 7
1,0 ethanol 2
1,0 propan-l-ol 3
1,0 propan-2-ol 7
1,0 ethanediol 3
100 pop.m, aVeCl* alone > 6 months
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3 ,2,3«• 2 Biological properties
3*2.3,2.1 Sporicidal activity
Unbuffered mixtures
It has been demonstrated that alcohols had no 
sporicidal activity (3.2.1,2) but that sodium hypochlorite 
was sporicidalj the rate being dependent primarily upon 
concentrâtion and pH, Using the method described in 
section 2.4,3*1 the sporicidal activity of 22 different 
freshly prepared mixtures of alcohol and hypochlorite was 
measured. The time required to achieve five log reductions 
in count of B,subtilis spores with each of these mixtures 
and with a control of.sodium hypochlorite alone is shown in 
Table 28. Each experiment was carried out at least twice.
The results showed that addition of alcohol to 
hypochlorite considerably increased the sporicidal activity 
(except with ethanediol). The higher the concentration of 
alcohol, or hypochlorite- added the better was the sporicidal 
activity. The best activity was shown by mixtures containing 
propan-l-ol.
However, as concentration of components was 
increased, stability decreased (3*2,3.1,3) and it is possible 
that as the mixture age and lose available chlorine, sporicidal 
activity might be affected. The effect of age of mixture on 
sporicidal activity was therefore investigated. Mixtures were 
prepared as previously described and held at 23^G. Samples 
were removed at timed intervals and assayed for sporicidal 
activity as described in section 2,4*3,1 (Materials and 
Methods). Table 29 shows the minimum log reductions in 
viable count of B.subtilis spores achieved by mixtures of 
different ages in 15 minutes. Each experiment was performed 
at least twice and the results obtained fell in the range 
n to n + 1 where n was the minimum log reduction achieved.
Only one of the mixtures was shown to have any activity when 
24 hours old (ten per cent, propan-2-ol + 2,000 p.p.m. av.Cl.) 
although within the period zero to eight hours the activity 
of some mixtures increased with age (those containing methanol 
or ethanediol). IVith mixtures containing ethanol, propan-l-ol 
and propan-2-ol activity gradually declined, the rate being 
dependent upon the initial alcohol concentration. Although 
mixtures with lower alcohol concentration generally had a lower 
level of sporicidal activity this activity usually lasted
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TABLE 28
SPQRIOIDAL ACTIVITY OF FRESHLY PREPARED MIXTURES OF ALCOHOL ALT) HYPOCHLORITE AT 25OG
Mixture (l) Time (mins) required to achieve 5 log reductions of B.subtilis sporesAlcohol (%) Av.Gl, (p.p.m.)
1 5 .0 methanol 2,000 30
2 5 .0 " 2,000 15
5 0 .0 " 2,000 6
5 0 .0 " 1,000 10
10.0 ethanol 2,000 30
15,0 " 2,000 15
2 5 .0 " 2,000 15
10*0 propan-l-ol 2,000 30
1 5 .0 " 2,000 6
25,0 " 2,000 2
10.0 " 1,000 60
1 5 ,0 " 1,000 15 - 20
1 5 .0 " 500 30
10,0 propan-2~ol 2,000 30 - 60
1 5 .0 2,000 20
20.0 " 2,000 10
2 5 .0 " 2,000 6
15.0 " 1 ,7 5 0 15
15.0 " 1 ,5 0 0 30
15.0 " 1,000 30 - 60
15.0 ethanediol 2,000 60
2 5 .0 " 2,000 60
Control (no alcohol) 2,000 60
Notes 
(i) Unbuffered.
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TABLE 29
MINIMUM LQ Ct REDUCTIONS IN VIABLE COUNT OF B.SUBTILIS SPORES ACHIEVED"BY'aLGOHOL-HYPOCHLORITE MIXTURES IN" 15 MINUTES AT
Mixture (l) Age of Mixture (ho ars)
Alcohol (%) Av.Gl. (p.p.m.) 0 1 2 3 4 6 8 24
50.0 Methanol 2,000 5 5 5 5 5 5 5 <1
25.0 1» 2,000 5 4 4 5 5 5 5 <1
15.0 »» 2,000 Cl <1 1 1 1 5 5 cl
25.0 Ethanol 2,000 5 4 3 <1 — <1 — <1
15.0 It 2,000 5 4 — 4 <1 -
10.0 tt 2,000 2 2 - 2 2 — <1
25.0 Propan-l-ol 2,000 5 5 5 5 3 <1 <1 <1
15.0 It 2,000 5 5 5 5 3 <1 <1 <1
25.0 Propan-2-ol 2,000 5 5 5 2 — Cl - <1
20.0 tt 2,000 5 5 5 5 4 < 1 < 1 <1
15.0 tt 2,000 4 4 4 4 3 3 2 <1
15.0 it 1,750 4 = o. - 4
15.0 tt 1,500 3 - 3 cl -
15.0 tt 1,000 <1 ** <1 <1 <1 - •“
10.0 tt 2,000 3 2 "• 3 “ 3 — 2
25.0 Ethanediol 2,000 C 1 k 5 5 5 1 <1 <1
15.0 It 2,000 <1 1 5 5 5 5 — <1
Notes
(1) Unbuffered.
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longer than in mixtures with higher alcohol concentrations.
It seems possible that the activity of these mixtiu'es might 
be related to the level of available chlorine present as the 
mixtures age. However, since the activity of some of the 
mixtures improved with age, available chlorine levels (which 
decreased as mixtui^es aged (section 3.2.3.1.3) cannot alone 
explain the activity. pH may also be involved since methanol 
and ethanediol mixtures are the ones which showed a marked 
decrease in pH with time (5,2.3.1.2). Mixtures containing 
methanol were the only ones to show good sporicidal activity 
when eight hours old.
Buffered mixtures
It was shown in section 3*2.2.2,2 that the 
sporicidal activity of sodium hypochlorite alone increased 
as the pH was lowered. It was also shown (section 3.2.3=1*3) 
that the stability of mixtures of alcohol and hypochlorite 
decreased as the pH was lowered. The following experiments 
were therefore carried out to investigate the effect of pH 
on the sporicidal activity of mixtures and if, as with 
hypochlorite alone, activity increases as pH is lowered, to 
try to determine the optimum pH for activity combined with a 
reasonable degree of stability.
Initially a mixture containing 15 per cent. 
propan-2-ol and 2,000 p.p.m. av.Gl, was buffered to pH 7.9 
using phosphate buffer. The activity against B.subtilis 
spores was tested when the mixture was one, four and six 
hours old. Table 30 shows the results compared with those 
obtained earlier for a similar unbuffered mixture.
Although the mixture buffered to pH 7=9 was 
initially more active than the unbuffered mixture, its 
activity was much more short lived. If the levels of 
available chlorine present at the times when the mixtures 
were tested is considered, (figures in parentheses in Table 30) 
it would appear that lack of activity might be explained by 
absence of available chlorine.
Since an increase in activity was apparently 
achieved by lowering the pH, reduction of the concentration 
of alcohol and hypochlorite in the mixtures and buffering 
to a suitable pH should still enable good sporicidal activity 
to be achieved. Various mixtures containing 5-15 per cent, 
propan-l-ol and 70-1,000 p.p.m. av.Cl, at approximately pH 9
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TABLE 30
ACTIVITY OF A MIXTURE CONTAINING 15 PER CENT. PR0PAN-2-0L AND_2,000 p.p.m. av.Cl. AGAINST' B.SUBTILIS SPORES AT 250C
Age of* mixture (hours)
Unbuffered mixture (pH 11.6 - 12.2) Buffered mixture (pH 7.9)
No. of log minutes ' reductions
1
4
6
5 in 20 /(1,800)1^/
5 in 20 . .(730)(1)
5 in 30 ...(1U0)(1)
5 in 6 ;(100)(i,;
<1 in 60 , .
<1 in 60 , , (<10)(1.
Notes
(l) Available chlorine (p.p.m.) left in mixture
TABLE 31
ACTIVITY OF MIXTURES CONTAINING PROPAN-l-OL AND _ SODIUM HYPOCHLORITE AGAINST B.SUBTILIS SPORES AT 25 C
Mixture Activity against B.subtilis spores
Propan-l-ol
( 0
Av.Cl, (p.p.m.) pH Age(hours) No, of log reductions minutes
15.0 500 9.1 0—6 5 in < 2
15.0 500 9.1 24 <1 in 60
15.0 200 9.2 0 5 in <2
10.0 1,000 9.1 0 5 in <2
10.0 200 9.0 0-6 5 in 6
5.0 200 8.9 0—6 5 in 10
5.0 100 9.1 0 5 in 30
5.0 100 9,1 24 4 in 60
5.0 70 9.1 0 5 in 30
CONTROL
15.0 2,000 11.5 0 5 in 15
15.0 2,000 11.3 6 4 in 60
15.0 2,000 24 <1 in 60
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were therefore investigated. The sporicidal activity 
of these mixtures was measured when freshly prepared 
and up to 24 hours old, and the results given in Table 31,
The results showed that good activity could be 
achieved with lower concentrations of alcohol and hypochlorite 
by lowering the pH* It v/as also shown that the type of 
activity required could be obtained by adjusting the 
concentrations of alcohol and hypochlorite in the mixture.
Thus at higher concentrations very good activity but which 
is not long lasting, or at lower concentrations a lower level 
of activity which lasts for up to 24 hours may be achieved.
The above results indicated that further reduction 
in pH might give even better activity. A mixture containing 
one per cent, methanol and 100 p.p.m. av.Ol.was therefore 
buffered to different pH's in the range pH 5-10 and tested 
against B»subtilis spores. The results, (Table 32) showed 
that as with hypochlorite alone, (3.2.2.2.2) the sporicidal 
activity increased as the pH was lowered, with a maximum at 
around pH 6. However, it was noted earlier that stability 
also decreased as the pH was lowered (Table 21) so that in 
order to achieve maximum activity coupled with reasonable 
stability a pH of between 7.0 and 8.0 should be chosen.
For this reason, the activity of mixtures containing one 
per cent, alcohol and 100 p.p.m. av.Gl. buffered to pH 7,6 
were tested using B.subtilis spores. The results are shown 
in Table 33.
It was shown earlier (section 3*2.2.2.2) that a 
solution of sodium hypochlorite containing 100 p.p.m. av.Gl. 
and buffered to pH 7.6 had the same sporicidal activity when 
one week old as when freshly prepared. The results of this 
experiment showed that the addition of alcohol (one per cent, v/v) 
to the hypochlorite solution slightly enhanced the sporicidal 
activity initially; however, the activity of the mixtures 
decreased steadily and within 24 hours was less than that of 
the hypochlorite solution of the same age. In mixtures up 
to 24 hours old similar results were obtained with each of 
the five alcohols tested,
3,2.3.2*2 Activity of mixtures against dried spores
In the experiments so far described suspensions of 
B,subtilis spores have been used in sporicidal tests. However, 
in practice, spores may be present in the dried state. For 
this reason, the activity of hypochlorite alone and mixtures of
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TABLE 32
IPAL ACTIVITY OF A. FRESH MIXTURE CONTAINING ONE PER GENT. METHANOL AND 100 p . p ÿrm. av .01. AT 2 5 ^
pH Log reductions in B.subtilis spore count achieved in:2 min 3 min 10 min 13 min 20 min 30 min
3 = 3 3 >5 >5 >5 >5 >5
6*2 >3 >5 >5 >3 >5 >5
7.0 5 >5 >3 > 3 >3 > 3
7.6 3 >3 >3 >3 >5 >5
8.1 < 1 3 >3 >3 >3 >3
8.9 < 1 <1 <1 1 3 5
9.9 <1 <1 <1 <1 <1 <1
TABLE 33
ACTIVITY Qg ALGQHOL/HYPQGHLORITE MIXTURES AGAINST B..SUBTILIS SPORES AT pH ?T6 AND^RS^O
Mixture Time (minutes) required to achieve 5 log reductions of spores
Alcohol (one per cent.) + 100 p.p.m. av.Gl. Freshmixture 24 h mixture 48 hmixture
Methanol 3 8 13
Ethanol 3 10 >30
Propan-l-ol 4 3 10
Propan-2-ol 4 10 >30
Ethanediol 4 8 30
Control 5 5 5
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alcohol and hypochlorite against spores dried onto 
coverslips was tested as described in section 2 .4 ,3 .2  
(Materials and Methods), The results obtained were found 
to be not very reproducible and hence a range of values is 
given in Table 34= Lack of reproducibility was probably 
due to the fact that the test relied on sterility as the 
end-pointo Any unusually resistant spores present in the 
population could therefore influence the result obtained 
and numerous replicates would be required in order to 
provide enough results for a statistical analysis of the 
end-point,
The^ results did however show that spores dried 
in serum were much more difficult to kill than those dried 
in water. This could have been due to protection of the 
spores by the serum and/or to inactivation of the disinfectant 
by the serum (section 3»2,3*2,4 Results),
If the longest killing times were taken, dried 
spores were apparently slightly more difficult to kill than 
spores in suspension (3=2.3 ,2,1). However, it must be 
appreciated that whereas this test required sterility as an 
end-point (i.e. growth or no growth in the recovery broth) 
the suspension tests previously carried out relied on counts 
on solid media and five log reductions in count from 10^oto 10"^  spores per ml. This could account for the different 
results obtained.
The coverslips were difficult to handle and if 
more than one was immersed in the same container of 
disinfectant at the same time they tended to stick together, - 
Because- of the various disadvantages of this method further 
experiments were not carried out and another method based 
on that of Smith and Brown (1376) using microscope slides 
was adopted. The method was described in section 2,4.3*2 
(Materials and Methods), It has the advantage that the 
’actual numbers of survivors can be counted thus eliminating 
the ‘'growth or no growth’* end-point*
Initially, a suspension of B.subtilis spores in 
water was added to microscope slides as described in the 
method, and samples dried at 43°G for either one or twenty-four 
hours and at room temperature for twenty-four hours. These 
slides were then immersed in solutions containing 100 p.p.m. 
av.Ol. and the survival of spores determined as described.
The results showed that spores were killed more easily after
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TABLE 34
ACTIVITY OP DISINFECTANTS AGAINST DRIED SPORES USING THE COVERSLIP METHOD AT 23^
Disinfectant Time (minutes) required to achieve 5 log reductions of B.subtilis spores
Methanol (%) Av.Cl. (p.p.m.) pH Dried in water Dried in serum
- 2,000 1 1. 30 - 60 60 - 180
2 5 .0 2,000 1 1.2(1) 10 - 30 30 - 300
— 500 7 .6(2) < 3 0 >240
100 7 .6(2) < 3 0 =^240
1.0 100 7.6(2) < 30 >240
Notes
(1) Unbuffered
(2) Buffered
ACTIVITY OP A BUFFERED HYPOCHLORITE SOLUTION AGAINST DRIED SPORES USING THE MICROSCOPE SLIDE METHOD AT 23 ± 1*^ 0
Time (mins) of Number of colonies of B,subtil is per slidecontact with100 pep.m.av.Gl. pH 7*6
Dried in water Dried in serum Viable count (oef.u,/ml) (2) in a suspension test
0 1 .2 5 X 10^ (1) 1 .1 5  X 10° ( 1 ) 1,2 X 10^
1 >300 1,5 X 10^
2 3*3 2,0 X 10^
3 5 = 4 <10^
4 1,0 1,5 X 10%
5 0 .0 6 >300 <10^
15 66
20 1 7 .5
25 23
30 6 1 .7 5
45 38.560 7 .0
Notes
(1) Calculated from drying dilutions onto control slides (seetex-y.(2) i.e. using wet spores and a plating method for enumeration ______ of survivors._____ ■
twenty-four hours drying than those dried, for one hour*
In subsequent experiments spores dried at 43^G for one 
hour were therefore used.
Table 35 shows the results of a series of 
experiments in which B.subtilis spores dried in water or 
serum were tested against a hypochlorite solution containing 
100 p*p»m» av.Ol, buffered to pH 7*6 with phosphate buffer*
The results shown, are the mean results from eight experiments 
with spores dried in water and six experiments with spores 
dried i.n serum. In each experiment at least three replicate 
counts for each contact time were obtained. The Initial 
viable counts of spores were calculated by preparing tenfold 
dilutions of the inoculum and counting using the Miles and 
Misra (1938) method. In aduition, drops of the lO"^ and 10~^ 
dilutions were placed onto slides, dried, immersed in water 
and after covering with molten agar and incubating, the 
colonies were counted (Materials and Methods 2,4*3*2,2),
The results showed that the time required to kill
spores dried in serum was much greater than that required to 
kill spores dried in water, but as with the coverslip 
experiments results were less reproducible when serum was 
present*
Comparison of these results with those obtained 
for a suspension test using a similar hypochlorite solution 
indicated that spores dried in water were more easily killed 
than those in suspension. For example, after two minutes 
contact time, the suspension test results indicated that 
approximately 200 spores were still viable, in fact less than 
five were found on the slides*,
3*2.3*2*3 Activity of mixtures against other microorganisms
The activity of alcohol and hypochlorite mixtures has
so far been tested using only B*subtilis spores. It was
therefore decided to investigate the activity against spores 
of tv/o anaerobic spore formers (Clostridium sporogenes and 
Clostridium perfrinæens), an acid-fast bacterium (Mycobacterium 
fortuitum), four vegetative bacteria (Pseudomonas aeruginosa, 
Proteus vulgariss Escherichia coli and Staphylococcus aureus) 
and a yeast (Candida albicans).
The method used was■as described in section 2.5*2 
(Materials and Methods), An unbuffered alcohol/hypochlorite 
mixture, a buffered alcohol/hypochlorite mixture and a 
buffered hypochlorite solution were selected for comparison,
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The results are shown in Table 36 * Regarding homogeneous 
suspensions of spores or vegetative cells, B,subtilis 
spores proved to be the most difficult to kill. However,
M,fortuitum readily forms clumps (Bergan and Lystad, 1971) 
in which interior cells are protected by peripheral cells.
The repeatability of results obtained with this organism 
was low unless the washed suspensions used in the tests had 
previously been shaken vigourously with glass beads to break 
up the clumps, Buch clump-free suspensions were readily 
killed. In contrast, suspensions of M .fortuitum containing 
slumps proved more resistant than suspensions of B*subtilis 
spores to both the buffered alcohol/hypochlorite mixture and 
the buffered hypochlorite solution, although not to the 
unbuffered, relatively concentrated, alcohol/hypochlorite 
mixture.
3 ,2.3*2.4 Effect of organic matter on the activity of mixtures
Although for disinfection and sterilization of 
instruments thorough cleaning before treatment is advocated 
(1 *6 ,4,1=3 Introduction) chemical disinfectants are likely 
to encounter various types of organic matter in many 
situations* It is therefore necessary to imow how the 
disinfectant will react under these conditions* Using B,subtilis 
spores the effect of both particulate (yeast) and soluble 
(serum) organic matter on the sporicidal activity of sodium 
hypochlorite and alcohol/hypochlorite mixtures was investigated.
Yeast and serum suspensions were prepared as 
described in section 2.4*4 (Materials and Methods), Spores 
and organic matter were mixed prior to addition of freshly 
prepared solutions of sodium hypochlorite or alcohol/ 
hypochlorite mixtures, in order to simulate the practical 
situation, and sporicidal tests were carried out as 
described in section 2.4.3=1 (Materials and Methods). The 
results are shown in Tables 37 (yeast) and 38 (serum).
The results Indicated that it v/as the concentration 
of available chlorine which was the important factor in 
susceptibility to inactivation by organic matter and not the 
form in which it was predominantly present (i.e. OCl“ or HOCl.
2,000 p.p.m, av.Gl. pH 11.2 would contain 0,2 p.p.m. HOGlj 
100 p.p.m. av.Gl. pH 7,6 would contain 34.8 p.p.m. HOCl).
The results also showed that alcohol/hypochlorite 
mixtures were inactivated as easily as hypochlorite alone.
Serum caused less inactivation than yeast if similar
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TABLE 36
MICROBICIDAL ACTIVITY OP FRESH ALCQHOL/HYPOGHLQRITE MIXTURES, AND HYPOCHLORITE SOLUTION AT 250G
Test organism
Minutes required to achieve a reduction in count using; 5-log
2.^fo methanol + 
2 ,0 0 0 p.p*m, aVoCl, at pH 
1 1 .2
1/b methanol 4 
100 p.p,m. av.Gl, at pH 7.6
100 p»p«m. av.Gl, at pH 7.6
B,subtilis spores 15 3 5
Cl, sporogenes spores 7 <1 <1
0 1 , perfringens " <1 <1
M,fortuiturn < 1 2^^/ to 10 3(1) to 30
P.aeruginosa <1 <1 <1
P,vulgaris u tt It
E.coli It It It
S,aureus tt tt It
G .albicans »t It It
Notes
(1) Obtained with olvrnip free suspensions (see text)
TABLE 37
SPORIGIDAL ACTIVITY OP DISINFECTANTS IN THE PRESENCE OP YEAST AT 25^0
Disinfectant Time (mins) required to achieve 5 logreauctions of subtilis spores in tne
Methanol Av.Cl, pH presence of yeast- C/b dry weight)
w (p.P.m) 0 ,0 0 0 ,0 4 0 ,1 0 0 .2 0 0 ,5 0 1 ,0 0
2 5 .0 2 ,0 0 0 11 .2 15 15 17 30 > 3 6 0 (1 ) >3o0 ( l '
2 ,0 0 0 1 1 ,4 50 40 30 40 > 3 6 0 (1 ) >36o(l'
1 .0 100 7 .6 3 >360(1) — — - -
— 100 7 ,6 5 > 3 6 0 (1 ) — — — —
Notes
(i) Less than one log reduction achieved in three hours.
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concentrations (for example 0.5 per cent*) were compared 
but for genuine comparison? per cent, dry weight of serum 
and not per cent, v/v shoul.d be used.
It should be noted t.h.at the presence of organic 
matter can stimulate spore germination (Gould? 1971) and thus 
in the above experiments the resistance of germinated 
(or germinating) spores might have been under test* This 
was unlikely in these particular experiments since spores 
and organic matter were mixed immediately prior to testing 
and there was thus no time available for the spores to have 
germinated before testing. However? during the longer 
experiments (up to 50 minutes) the spores might have started 
to germinate? thus possibly explaining the results for the 
unbuffered sodium hypochlorite solution (2,000 p.p.m. aVcGl.) 
where the time required to achieve five log reductions was 
reduced slightly as the concentration of organic matter 
increased (up to the concentration where Inactivation became 
significant).
Effect of age of mixture on degree of inactivation by organic matter
It. was shown that as alcohol/hypochlorite mixtures 
aged a loss of available chlorine occurred and in some cases 
sporicidal activity improved (5*2.5,2.1), If this increased 
activity was due to the formation of a new sporicidal compound 
it could be that the aged mixture would prove less susceptible 
to Inactivation by organic matter. In order to investigate 
this? a mixture containing 25 per cent, methanol and 2,000 
p,p,m. av.Gl. was prepared and tested for sporicidal activity 
when freshly prepared and when three hours old in the presence 
of 0.2 per cent, yeast, A similar experiment was carried out 
using 2,0 per cent, serum, A control experiment? using the 
same mixture and no organic matter? was carried out 
simultaneously. The results are shown in Table 59, The 
aged mixture was shown to be more susceptible to inactivation 
than the fresh mixture in spite of the fact that sporicidal 
activity was better at three hours than when fresh.
Apparently the greater inactivation was due to the fact that 
less available chlorine was present at three hours, thus after 
inactivation less was available for killing the spores.
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TABLE 59 .
E K ^ T  OP ORGANIC MATTER ON .A^ AGED MIXTURE AT 25'^ C
Mixture Time (mins) required to achieve 5 log reductions of B.suhtilis spores in the presence of;»*
Methanol
( A AV*G1e (p.p.m.)
Age(hours) No organic matter 0.2% yeast 2.0% serum
25.0 2,000 0 15 30 50
25.0 2,000 3 10 > 56o(^) >56o(^)
Notes
(l) Less than one log reduction achieved in three hours
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Effect of mode of addition of organic matter on inactivation
Organic matter may influence the activity of 
disinfectants through inactivation of the disinfectant and 
also by protecting the organisms from attack. Different 
results might therefore be expected depending on whether 
organic matter, disinfectant and spores were added together 
or the organic ©atter? added to either spores or disinfectant 
first and then the other component added.
Experiments using a freshly prepared mixture 
containing 25 per cent, methanol and 2,000 p.p.m» av,Gl, were 
therefore carried out with both yeast (0.2 per cent,) and 
serum (2,0 per cent.) in order to compare the following;-
le Spores mixed with organic matter and added 
to disinfectant 15 minutes later.
2. Organic matter mixed with disinfectant and 
spores added 15 minutes later.
3, Spores? organic matter and disinfectant 
added immediately following each other.
B.subtilis spores were used and experiments carried out at 25°G.
The results showed that with both yeast and serum 
the same activity of the disinfectant against the spores was 
achieved when either all three components were added at the 
same time (3) or when spores and organic matter were mixed and 
then disinfectant added (l). In other words, no protection 
of the spores by the organic matter had apparently occurred. 
However? when disinfectant and yeast were mixed and then 
spores added, a lightly longer time was required to kill the 
spores. Similar results were obtained using serum. These 
results were not surprising since it might have been expected 
that the organic matter could have inactivated the disinfectant, 
before the spores were added to compete for the available 
chlorine,
In practice, disinfectants are usually added to 
previously mixed samples of organic matter and microorganisms, 
and this is the reason why earlier experiments were carried out 
by mixing spores and organic matter and then adding disinfectant.
This series of experiments demonstrated that 
inactivation of both alcohol/hypochlorite mixtures and 
hypochlorite alone was high in the presence of organic matter.
In practice, whole blood or serum could be present and this 
would very seriously inactivate such solutions. It is
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obvious therefore that thorough cleaning of articles 
before use of these disinfectants is essential if they 
are to work effectively.
199
SUMMARY OF SECTION 3.2.3 
It may now be worthwhile to briefly summarize
the results obtained in the previous section concerning
mixtures of alcohol and hypochlorite.
(1) When alcohols were mixed with sodium hypochlorite 
solutions a rise in temperature occurred? due to the 
reaction of the alcohol with water.
(2) As alcohol/hypochlorite mixtures aged a progressive 
loss of available chlorine occurred which was far 
more rapid than in pure hypochlorite solutions*
This was accompanied by a rise or fall in pH depending 
on the actual alcohol present*
(3) The rate of loss of available chlorine in mixtures 
was dependent on initial hypochlorite concentration, 
alcohol concentration and the actual alcohol present. 
This applied to both unbuffered and buffered mixtures.
(4) The rate of loss of available chlorine in buffered
mixtures was dependent on pH* As with hypochlorites
alone, the lower the pH the more rapid was the rate
of loss*
(5) Mixtures of alcohol and hypochlorites had better 
sporicidal activity than alcohols or hypochlorites 
alone. However, activity was short-lived, none of 
those unbuffered mixtures tested showing any activity 
when 2/4 hours old,
(6) By buffering, mixtures with greater activity could 
be produced, thereby allowing lower concentrations
of alcohol and hypochlorites to be used and increasing 
stability,
(7) As with hypochlorites alone, the lower the pH the
greater was the sporicidal activity of the mixtures,
but stability v/as simultaneously reduced,
(6) Spores dried in water were killed as easily as 
spore suspensions,
(9) Vegetative bacteria, a yeast and spores of
0 .sporogenes and C.perfringens were more easily 
killed than 3,subtilis spores,
(1 0) Both alcohol/hypochlorite mixtures and hypochlorites 
alone were severely inactivated by organic matter.
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5, 2.3*3 Mechanism of action of a 1 coho3../11ypochlorite mixtures
Since alcohol;.- have no sporicidal activity (3,2.112) 
it would seem likely that in alcohol/hypochlorite mixtures 
the alcohol is potentiating the activity of the hypochlorite. 
In the Introduction (1.3-2.13) some exemples of potentiation 
of hypochlorites by compounds such as ammonia? sodium 
hydroxide and surfactants? were given but the authors cited 
did not explain this activity.
Various theories to explain potentiation of 
hypochlorites can be put forward. For example:-
(a) the reaction between alcohol and hypochlorite 
may produce a more microbicidally active product,
(b) the change in pH produced by the reaction may 
render the hypochlorite more active;
(c) the rapid release of available chlorine may 
increass activi ty ;
( d) the solvent action of the alcohol may affect
the cell surface thus allowing the hypochlorite 
to act more rapidly*
In the following sections various experiments 
which were carried out to investigate some of these 
hypotheses, will be reported.
3*2,3*3*1 Possible chemical reactions between alcohols and hyp o chio rite s
Since hypochlorites are strong oxidising agents it
is possible that oxidation of the alcohol might occur when
alcohol and hypochlorite are mixed* This and other possible
types of chemical reaction will be considered in the
Discussion (h,3 )« From the chemical equations of
possible reactions occurring in mixtures (4.3 ) many
reaction products can be postulated. These chemical
.compounds were tested for activity against B.subtilis spores
as described in Materials and Methods (2,4*3.1). The
concentrations chosen for testing were those with the same
molarity as a 25 per cent, solution of the alcohol from which
they might have been produced. Oxalic acid would not dissolve
at the concentration required and therefore a saturated
solution was tested. The results are shown in Table 40 and
it is clear that none of the chemicals tested possess
sporicidal activity as good as that of any of the alcohol/
hypochlorite mixtures tested earlier (3*2,3*2.1)*
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TABLE 40
Chemical C 0 ri c e n t ration 
(%)
Number of log reductions of B.subtilis spores achieved in 3 hours
Acetone 15 <1
Chloroform 100 <1
Chloroform 35 <1
Formaldehyde 18 2 (2)
Formic acid 23 <1
G-lyoxal 51 <1
Oxalic acid ^ 2 (2)
Prop i onaldehyde 23 <1
Propionic acid ■ 24 <1
Sodium acetate 4 M <1
Sodium formate 4 .4  M <1
Notes
(1) Saturated solution
(2) Achieved in one horn?
t a b l e 41
LOSS OF AVAILABLE CHLORINE IN AGETGNE/HYPOGHLORITB MIXTURES AT 25%
Time (mins) 2 ,000 p.p.m. av.Gl, 4 acetone
2 5 .0 5.0 1 .0 0 .2 0 .1
0 2,000 2,000 2,000 2,000 2 ,0 0 0
0 .2 5 0 - — —
2 700 1 ,8 5 0 1 ,9 0 0 1 ,9 1 0
10 0 •=» 1,820
15 - 1 ,6 3 0
25 250 1 ,4 3 0 -
40 100 1,000 1 ,6 6 0
50 40 930 “
60 20 — —
80 650 1,110
110 400 930
140 250 850
160 160 -
200 700
240 450
300 330
360 240
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3.2.303*2 Sporicidal activity of acetone/hypoGhloritemixtures
Acetone has been shown to have no activity against 
B*subtilis spores (3*2,3*3*1). Mixtures of acetone and 
hypochlorite were tested for sporicidal activity to 
investigate the possibility that the enhanced activity of 
alcohol/hypochlorite mixtures over hypochlorite alone is 
due to the presence of an organic solvent acting as a wetting 
agent and enabling closer contact between spores and 
hypo chlor ite.
A freshly prepared mixture containing 25 per cent, 
acetone and 2,000 p.p.m. av.Ol* was tested against B.subtilis 
spores as described in Materials and Methods section 2.4*3.1» 
No activity was detected with contact periods of up to one 
hour. Next, mixtures of acetone (O.l to 25 per cent.) and 
hypochlorite (2,000 p.p.m. av.Cl.) were prepared and assayed 
to determine available chlorine concentrations,- for up to 
six hours after preparation. The results are shown in 
Table 41* The rate of loss of available chlorine in these 
mixtures was shown to be much quicker than in mixtures 
containing similar concentrations of alcohols (3.2,3*1*3)*
This is perhaps not surprising since the double bonded 
carbonyl group (-0 = O) means that acetone is a much more 
strongly reactive molecule than are the- alcohols. The fact 
that the mixture containing 25 per cent, acetone and 2,000 
p.p.m. av,Cl. had no activity against B.subtilis spores can 
now almost certainly be explained by the fact that all the 
available chlorine initially present v/as rapidly lost 
(probably before the experiment was actually started). In 
addition, there v/as apparently no sporicidally active reaction 
product formed,
Tv/o mixtures in which the rate of loss of available 
■chlorine was similar to that in alcohol/hypochlorite mixtures 
were next tested against suspensions of B .subtilis spores 
(2=4*3*!)* The results (Table 42) show that mixtures of 
acetone and hypochlorite had no increased activity over 
hypochlorite alone. Thus it would seem that neither acetone 
or any other compounds subsequently formed are particularly 
sporicidal. In addition, since acetone has similar solvent 
action to the alcohols it cannot merely be the action of a 
solvent which was responsible for the increased activity 
of alcohol/hypochlorite mixtures. It should be noted that
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acetone was present in very low concentrations in these 
experiments and there may? therefore, have been too little 
present to have any effect on the spore surfaces»
Sporicidal activity of mixtures of hypochlorite and Teepol
A further experiment to investigate the theory 
that the alcohol in alcohol/hypochlorite mixtures acted 
merely as a wetting agent was carried out using an anionic 
detergent (Teepol) mixed with sodium hypochlorite. The 
activity of two such mixtures against B.subtilis spores was 
tested (Materials and Methods 2.4.3,1) and the results are 
shown in Table 43. Although a slight increase in activity 
was shown with hypochlorite and Teepol compared with 
hypochlorite alone, the concentration of Teepol was apparently 
unimportant. This indicates that as long as sufficient v/as 
present to *wet* the surface of the spores the hypochlorite 
could act more quickly, but increasing the detergent 
concentration above this amount had no further effect.
Activity v/as still not as good as in alcohol/hypochlorite 
mixtures, indicating that another mechanism other than just 
'wetting* of the spores by the alcohol, was probably taking 
place*
Loss of available chlorine in mixtures of hypochlorite and. Teepol
The rate of loss of available chlorine in mixtures 
containing sodium hypochlorite and Teepol at 23°C was measured. 
The results (Table 44) showed that the rate of loss of 
available chlorine was very slow.
The increased activity of Teepol/hypochlorite 
mixtures over hypochlorite alone is therefore apparently not 
due to an increased rate of loss of available chlorine but 
rather to its surfactant activity. However it was shown that 
Teepol/hypochlorite mixtures did not have as good sporicidal 
activity as alcohol/hypochlorite mixtures indicating that 
perhaps both surfactant activity and rate o f loss of available 
chlorine are important.
3.2.3,3,3 Effect of disinfectants on logarithmic growth phase cells
Studies of the activity of alcohols, hypochlorites 
and alcohol/hypochlorite mixtures have so far been carried out 
using static cells not actively growing or dividing at the 
time of testing. It was thought that it would be interesting 
to see whether these liquids had similar activities when used
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TABLE 4 2
SPORICIDAL ACTIVITY OF AGETONE/HYPQOHLORITS MIXTURES AT 25^0
Mixture Time (minutes) required, to achieve 5 log reductions of B, subtilis sporesAcetone
(%)
Av.Gl* (p.p.m.) Age(hours)
0.1 2,000 0 60
0.1 2,000 3 n'l (250)1') 60
1.0 2,000 0 60
*" 2,000 0 60
Notes
(l) 250 p.p.m. av.Gl. present at time of testing.
TABLE 43
SPORICIDAL ACTIVITY OF TEEPOL/HYPOQHLORITE MIXTURES AT 25°C
Mixture Time (mins) required 5 log reductions inTeepol (%) Av.Cl, (p.p.m.)
0.1 2,000 30
1.0 2,000 30
~ 2,000 60
TABLE 44
LOSS OF AVAILABLE CHLORINE IN TEEPOL/ HYPOCHLORITE MIXTURES AT 2 5 ^
Time(days) Concentration of available chlorine in mixtures containing Teepol (%)
0.1 0.1 1,0 1.0 10,0
0 1,900 200 1,750 180 200
1 1 ,9 5 0 190 1 ,7 2 0 150 all available
4 — 150 - 110 chlorine lost within
7 - 135 90 ten minutes
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against cells in the logarithmic phase of growth. This 
should also enable some information to be gained regarding 
the sub-lethal effects of the liquids and in addition some 
insight into the possible mechanism of action of alcohol/ 
hypochlorite mixtures might also be obtained.
A nephelometric method was used to study growth 
curves of Escherichia coli (Materials and Methods 2.6). 
Initially the effects of methanol or hypochlorite alone were 
measured. Problems were encountered when using sodium 
hypochlorite because some inactivation by the growth medium 
inevitably occurred. Wright and Mundy broth and Clowes and 
Hayes medium were both shown to cause considerable inactivation 
of the hypochlorite but the latter, which contained no amino 
acids (nitrogen supplied by ammonium salts) caused slightly 
less inactivation and was therefore chosen for subsequent 
work. The amount of inactivation of hypochlorite was variable 
between 20 and 50 per cent. This variability was probably 
at least partially-due to the fact that assay of available 
chlorine in the medium was difficult due to lack of definition 
at the end-point.
Growth curves of E.coli in minimal medium (Clowes 
and Hayes, 1963) at 32^0 were measured five times and the 
results shown to be reproducible (Figure 11). Simultaneous 
viable counts and nephelometer readings were carried out and 
the nephelometer was shown to register turbidity in cultures 
containing between approximately 5 x 10^ and 5 x 10^ viable 
organisms per ml (Table 45). Growth curves at 25°0 were shown 
to be slower than at 32^0 and thus gave readings on the 
nephelometer at an impracticably long time (four to eight 
hours) after inoculation (Figure 11),
Although growth curves were shown to be reproducible 
a control was included in all subsequent experiments since 
on addition of alcohol or hypochlorite to the medium a 
dilution effect would occur and might affect the growth 
curve. Thus a similar volume of sterile distilled water 
was simultaneously added to the control flask.
Addition of alcohol, hypochlorite or alcohol and 
hypochlorite to the minimal medium was shown to cause no 
change in turbidity.
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TABLE 45
COMPARISON OF VIABLE COUNT WITH TURBIDITY(E.COLI IN MINIMAL MEDIUM AT 32
Nephelometerreading Viable count of E ,cp_ll (Cof.u,/ml)
13 4.85 x 10?
26 7.70 X 10?
49 1.50 X 10^
60 2.25 X 10^
78 5.50 X 10^
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Effect of methanol on growth curves of E.coli---- I   -,---------------       &C.W4,
Pre-warmed volumes of methanol were added to 
log“phase cultures of E.coli when readings on the nephelometer 
reached between 40 and 50« The results are shown in 
Figure 12. Control curves were not included on this graph, 
but they showed that a slight displacement in the curve 
always occurred, dependent on the volume of water or methanol 
added. Methanol was added so that in experimental flasks 
a final concentration in the medium of from one to ten per cent. , 
vias obtained. 1
One and two per cent, methanol produced no inhibitory 
effect on the growth of Æ .coli. Five per cent, methanol had 
the effect of stopping growth for a period of about 30 minutes 
after which the growth rate resumed as normal. Six per cent, 
similarly stopped grovrfch for a period and when growth resumed 
the rate was slightly slower than initially. Ten per cent, 
methanol stopped growth completely. Growth did not resume 
again even up to 74 hours later.
Earlier results (3.2,1,3) showed that ten per cent, 
methanol was not bactericidal against E .coli with up to six 
hours contact. Thus low concentrations (ten per cent.) can 
be tctally inhibitory without killing the organism. Results 
of a minimum inhibitory concentration (MIG) test substantiated 
these results. Using 5 » coli and preparing doubling dilutions 
from neat methanol in nutrient broth, an MIG of -g was obtained.
In other words 12.5 per cent, methanol was Inhibitory to the 
growth of the organism but the next dilution tested(6,25 per 
cent.) was not.
Effect of sodium hypochlorite on growth curves of E.coli
Sodium hypochlorite was added to log-phase cultures 
of E.coli in the same manner as for methanol, described 
above. The volumes added were those calculated to give a 
known concentration of available chlorine had they been added 
to distilled water. Since a certain amount of inactivation 
by the medium was known to occur (see earlier) and the 
arsenite titration was difacult to perform under the 
conditions of less than ten p.p.m. av.Gl. and presence of 
growth medium, the exact concentration of available chlorine 
in the medium was not known. However, it was possible to 
obtain a gradation of effects on the growth curves as is 
shown by figure 1 3,
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F%GURE_JU,
Growth curves of E.coli in minimal medium
FIGURE 12
Effect of methanol on the growth of E.coli
at~32°’C ’
Concentration (%) of methanol 
(1) 2
(2) U
(3) 5
(4) 6
(5) 10
FIGURE 13
Effect of sodium hypochlorite on the growth ofE.coli at '32^ 0
Concentration (p.p.m. av.Gl,) of sodiuiïi hypochlorite
(1) 1
(2) 4
(3) 6
(4) 8
(5) 16
FIGURE 14
Effect of methanol and hypochlorite on the growth ofE.coli at 32^0
(1) Methanol (5%) added at
(2) Sodium hypochlorite (h p.p.m. av.Gl.) added at
(3 ) Methanol (5%) present from the start and sodiumhypochlorite (U p.p.m. av.Gl.) added at
(4) Sodium hypochlorite (4 p.p.m. av.Gl.) present fromthe start and methanol (5%) added at ^
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One p.p.m. av.Gl. or less apparently had no 
effect on the growth of the culture. With four p.p.m. 
av.Gl, the growth rate slowed down for about one hour after 
the adûiïion of hypochlorite and then seemed to stop 
completely. Six and eight p.p.m. av.Gl. caused growth 
to stop immediately although with these concentrations 
and with four p.p.m, av,Cl. a higher nephelometer reading 
was obtained 22 hours after inoculation. This may have been 
due to renewed growth after a period of adaptation or due 
to release of cell constituents which affected the reading 
(a yellow colour had developed in the growth medium). It 
was concluded that the latter theory was most likely since 
after 22 hours no further increase occurred in the next five 
hours, readings had not gone off the top of the nephelometer 
scale and samples removed for culturing proved to be sterile. 
With 16 and hO p.p.m. av.Gl* growth stopped immediately 
and readings never increased again even up to 22 hours later.
A yellow colouration did not develop and it is likely that 
at these higher concentrations any cell constituents released 
into the medium were immediately attacked by the hypochlorite 
and decomposed*
It was difficult to determine from these 
experiments what concentration of sodium hypochlorite was 
inhibitory to E.coli, Earlier experiments (Results section 
3 .2.2,1.h) showed that as little as one p.p.m. av.Gl, at 
pH 7*0 was slowly bactericidal (using E.coli as the test 
organism) and ten p.p.m. av.Gl, was fairly rapidly 
bactericidalj proving that the active chlorine concentrations 
in these growth curve experiments were less than those 
calculated. Tenney et al. (1930) showed that some vegetative 
bacteria were killed in 13-30 seconds by as little as 0*15 to 
0*25 p.p.m. av.Gl.
MIG tests using several different hypochlorites 
(Sodium hypochlorite - BDH; Milton; Ghloros; Domestos) and 
nutrient broth were also affected due to inactivation of 
the hypochlorite by the broth and unrealistically high MIG 
values were obtained.
There have been reports of bacteria surviving 
in higher concentrations of available chlorine than those 
found to be bactericidal from the results of section 3*2,2,l.ii- 
(For example Aeling et al,, 1978; Bywater and Kellet, 1977)
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and there are many examples in the literature of bacteria 
adapting themselves to live in relatively high concentrations 
of chemical disinfectants (Maurer, 197h). It was therefore 
of interest to find out whether bacteria could acquire 
resistance to sodium hypochlorite*
Pseudomonas species have often been implicated 
in the acquisition of resistance to chemicals and for this 
reason Pseudomonas putIda was chosen as the test organism.
MIC tests using dilutions of sodium hypochlorite in nutrient 
broth were carried out. After three days incubation a 
sample from the highest concentration showing growth was 
taken and used as the inoculum for a fresh MIG test* This 
procedure was carried out for ten subsequent MIG tests but 
no increase in the MIC was obtained. A similar series of 
tests using a phenolic disinfectant has shown that an 
increase in resistance of a pseudomonad can be achieved by 
this method. (Goates, 1977a). The results show that 
development of resistance to sodium hypochlorite by 
Pseudomonas putlda did not occur.
Effect of methanol and hypochlorite on growth curves
Since one per cent, methanol and one p.p.m. av.Gl. 
separately had no effect on tie growth curves of E.coli 
it was decided to investigate the effect of both together. 
Methanol was added to the medium at the same time as the 
inoculum to give a concentration of one per cent, (This was 
added to both test and control flasks). Then, when the 
nephelometer reading reached circa 50, sodium hypochlorite 
v/as added to the test flask to give a concentration of one 
p.p.m. av.Gl. (in fact less than this due to inactivation - 
see earlier). No change in the growth curve occurred, 
indicating that both concentrations were too low to be 
inhibitory.
Next, a similar experiment was performed with 
a concentration of five per cent, methanol in both test 
and control flasks from the time of addition of the inoculum. 
The presence of methanol increased the period of time before 
a reading could be obtained on the nephelometer and then the 
log-phase growth was slightly slower than in earlier control 
experiments. When the nephelometer reading reached circa 
hO ( six hours after addition of methanol) sodium hypochlorite 
was added to the test flask to give a final concentration of
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four p.pefiu av.Gl, (or less due to inactivation). This 
had the effect of slowing down and then stopping the growth 
of the S.coli in almost the saine manner as when four 
p.p.m. av.Gl. was added to a log-phase culture in the 
absence of methanol (Figure lU). Growth was possibly 
stopped slightly earlier than with hypochlorite alone but 
the difference between the two sets of results was small.
vvhen four p.p.m. av.Gl. was added at the same 
time as the inoculum no reduction in the growth rate occurred 
and addition of five per cent, methanol four hours later 
caused little change in the rate of growth.
Apparently thec^  addition of alcohol or hypochlorite 
first, followed by the other component gave little or no 
further changes than when adding either separately. Because 
of the nature of alcohol/hypochlorite mixtures it was very 
difficult to add a mixture such that the concentration 
in the medium would be correct.
Further experiments with slightly stronger 
concentrations gave similar results and when the hypochlorite 
concentration reached about ten p.p.m. av.Gl. growth stopped 
completely whether or not alcohol was present.
Addition of alcohol and hypochlorite together 
either at the start with the inoculum or at a later stage 
gave no further information,
3 » 2,3 *3*4 Effect of alcohol or hypochlorite pre-treatmentof spores
It is possible that either the alcohol or the 
hypochlorite might affect the bacterial spores in some way 
thus allowing the other component to act more rapidly.
In order to investigate this, B,subtilis spores were 
treated with either alcohol or hypochlorite for a period 
of time. The alcohol or hypochlorite was then removed by 
centrifugation and washing twice in quarter strength 
Ringer's solution. The spores were resuspended in the 
other component of the mixture. Viable counts were carried 
out at the beginning and end of the initial soak, after the 
second wash and centrifugation, and at intervals during the 
soak in the second component.
The results, which are shown in figure 15, 
indicated that although with pre-treatment in hypochlorite 
some kill during this time was inevitable subsequent soaking
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in alcohol achieved no further kill. However, when 
spores were soaked initially in alcohol and then later 
treated with hypochlorite slightly faster rates of kill 
were obtained than were obtained with untreated spores in 
hypochlorite alone* The rate of kill was,however, still 
less than that achieved with alcohol and hypochlorite 
together and the length of the alcohol soak apparently had 
little effect. Spores stored in methanol for 40 weeks 
gave results which were very similar to those for spores 
soaked for two hours in propan-2-ol.
Thus, apparently alcohol alone had no sporicidal 
activity even if spores had previously been treated with 
hypochlorite but pre-treatment of spores with alcohol did 
then render them slightly more susceptible to hypochlorite.
Reasons for this could be that it was very difSLcult to wash
off the alcohol from the spores and the small amount 
remaining was then able to act together with the hypochlorite, 
or that the alcohol 'softened* or ’wetted' the spore coat
in some way thus allowing the hypochlorite to act more
easily. Differences in the activity of different alcohol 
and hypochlorite mixtures could be due to different abilities 
of the different alcohols to affect the spores or to 
causing different rates of breakdown of the hypochlorite*
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FIGURE 15
Effect of alcohol or hypochlorite pre-treatment on'3*subtilis spores
V 2,000 p.p.m. av.Gl, against untreated spores at 25^0
V 2,000 p.p.m. av«01* at 25^0 against spores which had 
been soaked in 15 per* cent, propan-2-ol for two hours 
at 21 + 1°G.
0 15 per cent* propan-2-ol at 25^0 against spores which
had been soaked in 2,000 p.p.m. av.Gl* for 20 minutes 
at 21 + 1^0,
% Mixture containing 15 per cent, propan-2-ol and
2,000 p.p.m. av.Gl, against untreated spores at 25^0
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3.2*3• 3*5 Electron. Microscopy
Initially a negative staining technique (2.8»l) 
was used to visualize unsectioned spores and vegetative 
structures of B,subtilis* This technique gave little detail 
of the structure of the cells although the vegetative bacilli 
were shown to be peritrichously flagellate and the spores had 
two to six short appendages attached to them. Subsequently ? 
spores were fixed and sectioned as described in section 2.8,2, 
This technique was more time consuming and difficult to carry 
out than the negative staining technique but it enabled 
internal spore structures to be clearly seen. The changes 
caused by treatment with methanol, hypochlorite and methanol/ 
hypochlorite mixtures were also able to be demonstrated,
The fixing and sectioning procedure was carried out on sets 
of disinfectant treated spores on two separate occasions to 
ensure that the results were reproducible.
Figure 16 shows an ultrathin section of a mature 
dormant spore which had been stored in sterile distilled 
water and had had no disinfectant treatment prior to fixing 
and sectioning. The sections showed an electron dense core 
with a few less dense patches present in most examples.
A core membrane could be seen in most sections as a thin 
band surrounding the core although in some cases where 
sections were not quite so clear some of the electron dense 
particles of the core appeared to have spilled out over the 
core membrane. The cortex was shown as an electron translucent 
region surrounded by an electron dense layer within which a band 
of clear striations could be seen. This was the multilayered 
spore coat. Immediately outside of the striations was a 
narrow electron translucent layer visible only in some parts 
of some sections, surrounded by a wider electron dense layer. 
Finally a double banded layer (the exosporium) surrounded the 
complete spore.
Figure 1? shows a section through a spore which 
had been treated with sodium thiosulphate solution (0,5 per 
cent,) for the same period of time as for the disinfectant 
treated spores which were washed in thiosulphate to neutralize 
the disinfectant. No difference in structure could be seen 
between these sections and those which had been treated only 
with distilled water.
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FIGURES ,16-28 
Ultrathin sections of spores of Bacillus■ ow ■ I •»— ■-- -- ---- - -- - ---- —  iHMsubtilis after treatment with disinfectants
Disinfectant
Figure l6 
Figure 17 
Figure 18 
Figure 19 
Figure 20 
Figure 21 
Figure 22 
Figure 23 
Figure 2k 
Figure 23
Figure 26
Figure 2?
Figure 2.8
treatment
Control “ sterile distilled water
Control - 0*3% sodium thiosulphate
25% methanol for 10 minutes
25% methanol for 30 minutes
25% methanol for kO minutes
25% methanol for h-0 weeks
av.Cl, for 10 minutes
av,Cl, for 30 minutes
2*000 p*p*m. aVcGle for hO minutes
25% methanol n- 2,000 p.p.m. av.Cl. for5 minutes
25% methanol 10 minutes
2.000 p.p.m,
2.000 p.p.m,
25% irietha.no 1 + 2,000 p.p.m 15 minute.s
2y000 p.p.m. av.Cl. for 
av.Gl, for
2,000 p.p.m av.Glc for 10 minutes against spores which had been soaked in 25% methanol for hO weeks
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■ Figures 18, 19? 20 and 21 show sections of 
spores which had been soaked in methanol (2 5 per cent») 
for 10 minutes, 30 minutes. t\0 minutes and hO weeks 
respectively. These sections showed the same structural 
features as the controls indicating that methanol had no 
effect on the spores even with immersion periods of up to 
i|-0 weeks. However, the use of alcohol (ethanol) for dehydration 
after fixing could be masking the effect of alcohol treatment.
To overcome this it might be possible to use an aqueous 
resin which would eliminate the need for the dehydration 
stages.
Figures 22, 23 and 2l\. show the effect of sodium 
hypochlorite solution (2,000 p.p.m. av.Gl., unbuffered) on 
spores. Ten minutes hypochlorite treatment (Figure 22) 
caused the striated layer in the spore coat to shrink away 
from the more electron dense layer surrounding it thus 
enlarging the electron translucent layer. After immersion 
for 30 minutes (Figure 23) this translucent layer had become 
even larger and the striations in the coat, which were 
clearly visible after 10 minutes, had disappeared. In 
addition, the exosporium was no longer visible as an entire 
structure surrounding the spore and the outer electron dense 
coat layer had just begun to break up. Further hypochlorite 
treatment caused the entire outer coat to disappear (Figure 2k) 
leaving the core surrounded by the cortex and only the inner 
spore coat layer.
Treatment of spores with a mixture containing
25 per cent, methanol and 2,000 p.p.m. av.Gl. (Figures 25?
26 and 27) apparently had the same effect on the spores as 
hypochlorite alone although the changes occurred in a shorter 
period of time. Thus, separation of the coat layers had 
begun within five minutes (Figure 25) and the outer coat was 
beginning to dissolve by 15 minutes (Figure 27).
Figure 28 shows the effect of sodium hypochlorite 
on spores which had previously been soaked in methanol 
(25 per cent.) for 40 weeks. Sodium hypochlorite was applied 
for 10 minutes. Comparison of these sections with those 
where spores previously stored only in water were treated 
with hypochlorite for 10 minutes (Figure 22), showed that 
the degree of separation of the coat layers was similar.
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Although the outer layers were slightly less e lectron 
dense and the exosporium had separated slightly from the 
outer coat, the differences were not sufficient to be 
able to draw any conclusions»
This series of experiments therefore showed that 
methanol apparently caused no structural changes in B.subtilis 
spores and that both sodium hypochlorite alone and a mixture 
containing methanol and hypochlorite affected the spore in 
a similar manner»
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SUMMARY OP SECTION 3.2.3.3
The results of experiments in this section
would seem to indicate that:-
1» Production of a more microhicidally active
compound by reaction of alcohol and hypochlorite 
is unlikely.
2. The change of pH caused by addition of alcohol 
to hypochlorite may have some influence on the 
activity of the mixtures.
3. Rapid release of available chlorine in the mixtures 
together with the possible surfactant effect of the 
alcohol probably contribute towards the activity 
of the mixtures.
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3.2.4 OTHER SPORICIDSS
It has now been shown that alcohol/hypochlorite 
mixtures are quick-acting sporicides although they can be 
corrosive to metals and are badly inactivated by organic 
matter. In the Introduction (1.3,2,12) it was noted that 
the only reliable liquid sporicides other than hypochlorites 
were iodine and the iodophors, and aldehydesj particularly 
glutaraldehyde..
Although iodine and the iodophors are commonly 
used as skin disinfectants they are less often used as 
environmental disinfectants. There is no reason to believe 
that they are not efficient and quick-acting for purposes 
such as disinfection of endoscopes, and several authors 
have described their use in this field (e.g. Dunkei’ley 
et al., 1977; Elford, 1978 and Lindstaedt ^  al., 1978). 
However their main disadvantage is their high cost (Appendix 
4) and staining if not thoroughly washed off.
Alkaline glutaraldehyde, (commercially Oidex) 
is commonly used in hospitals for instrument disinfection. 
Although less expensive than iodophors (AppendixTV) it is 
more expensive than alcohol/hypochlorite mixtures or 
hypochlorite alone and the manufacturers recommend that in 
order to kill bacterial spores instruments should be 
immersed for at least three hours. Cidex is supplied as 
a solution which has to be activated (buffered) before use 
by the addition of sodium bicarbonate powder supplied in a 
small separate container. A dye is also contained in the 
powder for visual proof of activation.
In order to compare the aporicidal activity 
of Cidex with alcohol/hypochlorite mixtures, freshly 
activated and one and two week old solutions were tested 
against B.subtilis spores using the suspension method 
described in section 2,4.3*1 (Materials and Methods).
There has been much controversy about 
inactivation methods ibr glutaraldehydes and many of the 
apparently good results achieved when testing antimicrobial 
activity have been criticised on the basis that carry-over 
of glutaraldehyde into the recovery medium could inhibit 
the growth of survivors. In the Introduction (1,4.2,7) 
the various methods which have been used for inactivation 
of glutaraldehydes were considered. Either membrane
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filtration or dilution are generally more commonly used 
than chemical inactivation at present. Since little 
is known about retention of glutaraldehyde on membranes ,
when using filtration methods, it was decided that dilution ,
would be used to reduce the glutaraldehyde to non-inhibitory 
levels.
Preliminary experiments indicated that using 
B»subtilis spores no inhibition occurred providing the 
glutaraldehyde was diluted one-in-ten, although with 
Pseudomonas aeruginosa a dilution of lO”^^ was necessary 
to prevent inhibition of growth. Since glutaraldehyde
damaged spores might be more susceptible to low concentrations•“2 iof Cidex than undamaged spores, dilutions of at least 10 
were always carried out immediately after removing samples 
from the spores/Cidex test mixture and drops plated onto 
nutrient agar plates as soon as possible. Spore suspensions 
containing greater numbers of spores than in previous testsO -7(approximately 10 per ml instead of approximately 10 per ml) 
were used, in order to allow for the diluting effect and 
yet still permit up to five log-reductions in count to be 
observed.
The results are shown in Pigui’e g 9. Solutions 
were kept in closed bottles at 25^0 during the two week 
period and thus were not exposed to dilution or contamination 
which might be expected in practice. Activity was shown to 
be slightly reduced in solutions -which were one or two weeks 
old, but at all times two to two- and-a-half hours were 
required to achieve five log-reductions of B.subtilis spores,
A change in pH was also noted over this two week period.
When freshly activated the pH was 8.9 - 9*0 but by one week 
this had fallen to pH 7.8 - 8.2. No further fall in pH 
occurred between one and two weeks. This change in pH 
•probably explained the slight loss of activity over the 
two week period.
Figure 29 also shows that much longer contact 
times were required to achieve five log~reductions of 
B.subtilis spores when using Cidex than when using buffered 
hypochlorite or an unbuffered methanol/hypochlorite mixture 
despite the increased numbers of spores used in these tests.
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Activity of Cidex against B.subtilis 
spores at 25^0
® Cidex, freshly activated, pH 9,0
V Cidex, one week old, pH 8.0 
O Cidex, two weeks old, pH 8»0
V 25 per cent, methanol + 2,000 p.p.m. av.Cl. in distilledwater, pH 11.4
□ 100 p.p.m, av.01., pH 7*6
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1 x 1 0
1 x 1 0 120
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3.3o ENDOSCOPY
The preceding sections have shown that both 
buffered hypochlorite and buffered and unbuffered alcohol/ 
hypochlorite mixtures are very good sporicides, and 
superior in many ways to other sporicides presently used 
for instrument disinfection (3.2.h).
The problem of sterilization of heat labile 
medical equipment was discussed in the Introduction and the 
fibre-optic endoscope taken as an example of such equipment, 
A study of the use of fibre-optic endoscopes in two general 
hospitals; their contamination in use, and the effectiveness 
of cleaning and disinfecting procedures used, v/as therefore 
undertaken to assess the possible use of either hypochlorite 
or alcohol/hypochlorite mixtures for the sterilization of 
these instruments,
3.3.1 THE USE OF ENDOSCOPES IN TWO HOSPITALS
3.3.lei Edgware General Hospital
Two gastroscopy sessions and one bronchoscopy
session, held in the theatres, were attended and
bacteriological samples taken for analysis as described in 
section 2.7.2 (Materials and Methods).
Bronchoscopy session
A rigid bronchoscope was used of which the main 
parts of interest were the cannula, telescope, light guide 
and biopsy forceps.
Methods of sterilization/disinfection
The cannula, forceps and other associated 
instruments were washed and autoclaved after use and a 
sterile set used for each patient. The cannula had a cold 
light source which was connected to the control box by a 
detachable light guide lead. This lead was autoclaved after 
each session. During the endoscopy session the lead should 
not cause any cross-infection hazard.
The telescopes (G-U company) were rigid and 
contained both light and image guide fibres* Two types were 
used, a direct forward vision type and a right angle vision 
telescope. Although duplicates were possessed, only one of 
each type was used per session.
At the end of each session, and again before use, 
the telescopes were pasteurized (73°G for ten minutes). The 
whole telescope could safely be immersed. Between patients,
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the telescopes were partially immersed in chlorhexjdins 
solution which was initially at a concentration of 1:3,000 
hut hot water was repeatedly added to this solution so that
the telescopes were warm and the lenses would not cloud up
when placed in the warm bronchus.
The samples taken at this session were all taken 
arter use of the instruments hut before any cleaning or 
disinfection procedure had been undertaken, in order to 
obtain an idea of the levels and types of contamination.
Thus, no investigation of the efficacy of disinfection 
was made at this stage.
During the session, two patients were investigated
but telescopes were used only on the second patient.
Samples taken and isolationsmade
1. Sterile gauze was passed through the cannula into the 
right bronchus of the first patient in order to sample 
his flora.
Organisms isolated; Staphylococcus albus
Streptococcus sp,
La ctob ac i11us p1ant arum 
Bacillus circulans
2. Outside of cannula, having been in the bronchus and 
oesophagus of the first patient.
Organisms isolated; Staphylococcus albus ^Confluent
Streptococcus sp. jgrowth from
Lactobacillus plantarum)swab.
3. Distal end of the right angle view telescope after use 
on the second patient.
Organisms isolated; Staphylococcus albus ^Numerous
Streptococcus sp. jcolonies from
Neisseria pharyngis )swab, non-
Veillonella parvula (confluent but
Bacteroides sp, ;uncountable,
Gram negative cocco-bacillus,
possibly Gardiobacterlum hominis
h. Distal end of the direct view telescope after use on 
the second patient.
Organisms isolated; Staphylococcus albus ^Pew colonies
Neisseria sp, (from swab.(^30)
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5, Outside of a second cannula, having been in the 
bronchus of the second patient.
Organisms isolated; Staphylococcus albus )Confluent
Streptococcus sp. ' )growth fromj swab.
These results showed that, as would be expected, 
the cannula picked up the same types of organism as form 
the normal flora of this area» Furthermore,
the cannula apparently became far more heavily contaminated 
than the telescope, Since a sterile cannula was used for 
each patient, cross-infection from this source was eliminated, 
but improperly d isinfected telescopes could be responsible 
for carry over of infection from one patient to the next. 
Although the number of organisms contaminating endoscopic 
equipment during use was of Interest further time consuming 
investigation of the types of organism present seemed to be 
unnecessary since normal body flora is well documented.
Flexible fibre-optic gastroscope (ACMI)
This was stored in its carrying case ready for 
use at the next gastroscopy session. At the end of the 
previous session it vvas y/ashed in water, followed by Savlon 
and then spirit, in each case passing the fluids up and down 
the various internal channels. Although a cleaning brush 
was supplied with the gastroscope, this was only used if a 
channel became physically blocked, and was not used for 
routine cleaning. Air should have been sucked through the 
channels to dry them before storing. However, a fine spray 
of liquid was produced when air was blown through the 
air/water channel, indicating that it was not completely 
dry when last put away. Ideally the gastroscope should be 
stored hanging in a cupboard so that air can circulate 
freely around it and any water still in the instrument can 
run out,
Before storage a plastic tube had been fed into the 
biopsy channel. This was visibly dirty, and seemed to serve 
no useful purpose.
Samples and isolations
6, Air blown through air/water channel
Organisms isolated; Klebsiella aerogenes (25 in sample)
Escherichia coli (250 in sample)
7, Distal end of gastroscope
Organisms isolated; Escherichia coli )Very few
Gorynebacterium hofmanniijorganisms from
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Gastroscopy session (l)
Between patients the gastroscope was cleaned by 
sacking water followed by Savlon (1:100 aqneons solution)? 
then spirit, then air through the biopsy channel» The 
outside was washed with oavion and smeared with K-Y jelly 
before use. A sample of the jelly was shown to be sterile.
At the end of the session, the gastroscope was 
cleaned more thoroughly using the same procedure but the 
liquids were also passed downwards through the biopsy channel. 
Samples and isolations
All samples were taken after the gastroscope had 
been used on the patient and then cleaned by the physician.
8. 2 ml sterile water passed down air/water channel 
after the first patient.
Organisms isolated; Propionibacterium acnes (10 in sample)
unidentified Gram negative rods
(7.5 X 10^ in 
sample)
9. 20 ml sterile water passed down air/water channel 
immediately after sample 8.
Organisms isolated; Gram negative bacilli (as above)
5 X 10^ “ 5 X 10^ in sample
10. Air blown through air/water channel immediately after 
sample 9.
Organisms isolated; Gram negative bacilli (as above)
5 X 10^ in broth,
After.second patient
11, Outside of the insertion tube.
Organisms isolated; Staphylococcus albus
Micrococcus sp* 
Veillonella narvula 
Lactobacillus sp.
I Very few 
colonies 
from swab.
12. Distal end of the insertion tube 
Organisms isolated; Staphylococcus albus )Very few
Micrococcus sp, jc'olonies
Corynebacteriidm bovlsjfrom swab
1 3, 3 ml sterile water passed down the biopsy channel. 
Organisms isolated; Klebsiella aerogenes (lO^/ml)
Escherichia coli (lO^/ml)
Pseudomonas acidovorans( lO^Vml) 
Alcaligenes sp. (scanty)
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I h ,  C l e a n i n g  b r u s h  p a s s e d  d o w n  t h e  b i o p s y  c h a n n e l  a n d  t h e n  
a g i t a t e d  i n  b r o t h *
Organisms isolated; Klebsiella aerogenes (lOO)
Escherichia coli (20)
Candida sp, (20)
The results from samples 8* 9 and 10 indicated that 
similar numbers of organisms were obtained whether air or 
water were passed in order to sample the contamination present.
The cleaning and disinfection carried out between 
patients was apparently fairly efficient in removing organisms 
from the outer surfaces of the instrument but not in removing 
them from either the air/water channel or the biopsy channel. 
Gastroscopy session (2)
Samples were taken after the gastroscope had been 
used on the fourth patient of a session. Normal cleaning 
had taken place between each patient. Samples (13) ~ (l?) 
were taken before cleaning in order to find out the types and 
numbers of organisms present, 8amples (18)“ (20) were taken 
after thorough cleaning using the cleaning brush and water, 
Savlon and spirit,
15• A i r  p a s s e d  t h r o u g h  t h e  a i r / w a t e r  c h a n n e l .
Organisms isolated; Staphylococcus albus (300 in sample)
Micrococcus sp, ( 500 ’* )
16, 20 ml sterile water passed down the air/water channel.
Organisms isolated; Staphylococcus aureus (100 in sample)
Bacillus circulans (1,200 ” ” )
Micrococcus sp, (300 )
unidentified Gram negative bacillus (1,000 in sample)
17* 18 ml sterile water passed down the biopsy channel.
Organisms isolated; Staphylococcus am?eus (lO^ in sample)
P r o t e u s  m i r a b i l i s  ( l O ^  i n  s a m p l e )
-IS, 20 ml sterile water passed down the biopsy channel.
Organisms isolated; Staphylococcus aui^eus (100 in sample)
ISe 10 ml water passed through the air/water channel.
Organisms isolated; Staphylococcus albus (100 in sample) 
unidentified Gram negative bacillus (200 in sample)
20, 10 ml water passed down the air/water channel after 
further cleaning.
N O  o r g a n i s m s  i s o l a t e d .
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Thoroygh cleaning w 1th the cleaning brush 
apparently achieved a large reduction in the number of 
organisms present in the biopsy channel but only a slight 
reduction in the number in the air/water channel. These 
results also showed that the air/water channel became far 
less contaminated during use, but since this channel is 
more inaccessible cleaning was more difficult. Sample 20 
was taken after further flushing of water down the air/water 
channel and indicated that if done thoroughly this can achieve 
efficient removal of bacteria,
3.3.1.2 Poole General Hospital
Various types of endoscope were in use both in 
the theatres and in the Day Ward. Although sampling was only 
carried out on gastroscqpes in the Day Ward, an investigation 
of the endoscopes, and the disinfection procedures used, in 
the theatres v/as also made.
Fibre-optic bronchoscopes
These were cleaned after use with a brush for the 
biopsy channel, and soap, water and Betadine (an iodophor). 
They were then soaked in Betadine for thirty minutes in a 
special bronchoscope trough before being dried and stored 
in the carrying case supplied with the Instrument. The use 
of Betadine has been shown to be an effective disinfection 
method for bronchoscopes, (Dunkerley et aA., 1977;
Lindstaedt ejt al., 1978), Since they were only used once 
or twice a week this disinfection process could be carried 
out after each patient. The bronchoscope was used straight 
from its carrying case without further cleaning (see 
Discussion i+.h) • It would have been interesting to take 
samples after a period of storage as any residual moisture 
could provide an ideal site for multiplication of 
contaminants, but this was not possible,
•Rigid bronchoscopes and oesophageoscopes
After use, all parts were washed, dried and then 
placed in a formalin trolley for one hour. This is not a 
satisfactory sterilization method, (Lowbury £t al., 1975) 
but has the advantage that articles can be stored in the 
trolley ready for immediate use. Rinsing with sterile water 
to remove formalin residues before use was necessary. Most 
of the parts of the rigid bronchoscopes could be autoclaved 
or at least pasteurised, either of which would have achieved 
much better disinfection,
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Rigid cystoscopes
All components except the telescope were 
pasteurised. Although the telescopes had been pasteurized 
previously, slight clouding of the lenses had developed 
so that soaking in Cidex was now preferred. There is well 
documented evidence to show that when used correctly with 
an adequate soaking time Gidex may sterilize.
Fibre-optic gaatroscopes
Two gastroscopes and a colonoscope were used in 
the theatres* They were used frequently (once or twice daily) 
and were washed after use, inside and out with Betadine*
They were stored hanging in a cupboard until next required.
In the Day Ward gastroscopy sessions were held 
once weekly. Up to nine patients could be examined in an 
afternoon session. These were either out-patients attending 
the hospital just for the day, or in-patients brought down 
from the wards. Various flexible fibre-optic gastroscopes 
and a duodenoscope (Olympus Corporation Ltd.) were kept in 
a metal security cupboard.
Gleaning procedures for endoscopes in the Day Ward 
At the start of the session
No particular attention was given except to check 
that valves were functioning correctly. Thus a small 
quantity of water might have been passed down the air/ 
water channel or sucked up by the biopsy channel.
Between patients
Glean water was sucked up through the biopsy 
channel* The outer surface of the insertion tube was washed 
with water. The cleaning brush might have been used, with 
water, if a biopsy specimen-had been taken or if a blockage 
occurred. No disinfectants or soap were used.
At the end of the session
The cleaning brush v/as dipped in soapy water (a 
solution of soap flakes) and then brushed up and down the 
biopsy channel once or twice. Approximately one litre of 
soapy water was then sucked up the biopsy channel followed 
by one litre of tap water. However, this meant that apart 
from the initial brushing, the short section at the top of 
the biopsy channel leading to the biopsy forceps valve had 
been left untouched, and yet this is the area where fragments
of biopsy material could collect. The cleaning brush was then
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washed in soapy water and hung up to dry. The biopsy 
and air/water channels were dried by sucking and blowing 
air through the system. The outside of the insertion tube 
was washed with Betadine and the lenses, eye-piece and other 
glass surfaces cleaned with a swab moistened with alcohol.
The endoscope was then hung in the cupboard for storage.
The water bottle was emptied and stored in a drawer of the 
endoscope cupboard.
B a c t e r i o l o g i c a l  s a m p l i n g
Each of the gastroscopes was examined on several 
different occasions either before, immediately after, or one 
day or one week after use.
Duodenoscope JF-B 100688
Samples were taken from this endoscope which was 
hanging in the endoscope cupboard. It had last been used 
about one month previously. Very few organisms were isolated 
from the swabs taken from the control panel, insertion tube 
and distal tip. Less than ten colonies were grown on each 
plate and these comprised Staphylococcus albus and 
Streptococcus sp. However, when air was blown through the 
air/water channel several ml of liquid emerged at the 
distal tip. This was collected and approximately 10^ c.f.u./ml 
were isolated, including Pseudomonas aeruginosa type PIO 
and two other Pseudomonas species. The biopsy channel was 
also found to be heavily Contaminated, yielding 10^ c.f.u./ml 
of sample water passed thi^ough it. Organisms isolated 
Included Enterobacter cloacae and Pseudomonas sp. A rubber 
cap which had been over the distal tip was removed before 
sampling the internal channels. This appeared to be dry 
but looked dirty* Swabbing and culturing yielded Candida sp. 
(200 c.f.u.).
Gastroscope GIF-K 512820
When the first samples were taken from this 
endoscope it had last been used about one year previously. 
Again, very few organisms were isolated from the o uter 
surfaces and these were all Staphylococcus albus. Since 
the endoscope was hanging alongside those endoscopes in 
regular use, these staphylococci could well have come from 
nurses hands when replacing or removing other endoscopes.
On blowing air through the air/water channel a fine spray 
of brownish liquid emerged and was collected in a sterile
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6bottle* Greater than 10' c.f.u./ml were isolated from 
this liquid, including Pseudomonas sp. (not Ps.,aeruginosa), 
Proteus sp, X 2 and Lactobacillus sp. Sterile water passed 
through, the biopsy channel yielded 10^ c.f.u./ml including 
Pseudomonas aeruginosa type Plb, Pseudomonas sp. and Proteus sp
Although this gastroscope was rarely used, it was 
subsequently used when one of the gastroscopes in regular use 
was sent for repair. After use on three patients during a 
session (and cleaned with soap and a brush only once in this 
time) it v/as cleaned thoroughly using the cleaning attachment 
which enabled liquids to be passed through the top portion 
of the biopsy channel* A final rinse of 70 per cent, methanol 
was also sucked through the biopsy channel# which, followed 
by suction of air, should have helped to dry the channel as 
well as having a disinfecting action. The gastroscope was 
then stored in the cupboard for one week before sampling.
• One week later water from the water bottle which 
had just been filled with tap water, was passed down the 
air/water channel and a sample collected* 7*5 % 10^ c,f,p.*/ml 
were isolated including Pseudomonas sp. x 2 and Enterobacter 
cloacae* A sample taken from the water bottle yielded 
3.5 X 10~ c.f.u./ml including Pseudomonas maltonhilia and 
Flavobacterium sp. x 2, whilst the tap water yielded no 
bacterial growth. Thus the water bottle which was often put 
away wet probably served as a constant source of contamination 
for the air/water channel. It should be noted that although 
thorough cleaning of the biopsy channel of this endoscope had 
been undertaken one week previously, only tap water had been 
passed down the air/water channel and subsequent drying of 
this channel was very difficult. The use of a disinfectant 
in the water bottle at the end of a session, which could be 
passed down the air/water channel, and then cleaning and 
drying the bottle before storing would help to prevent this 
contamination.
Sterile water passed down the biopsy channel 
yielded Pseudomonas aeruginosa type Plb and Alcaligenes sp,
(3 X 10^/ml) Thus, cleaning with soap and water and rinsing 
with 70 per cent, alcohol had not been sufficient to eliminate 
the Pseudomonas aeruginosa, and unless thorough cleaning 
was done before the start of the next session the first 
patient on the list might be exposed to a large dose of this
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pathogenic organism. In fact, in this instance, clouding 
of the lens was observed before the start of the session 
and another gastroscope was therefore used. This gastroscope 
was subsequently returned to the suppliers for repair.
Gastroscope GIF-D3 511001
A few drops of liquid seen to be emerging from 
the distal tip of this instrument were collected on a day 
when the instrument had been used once that morning. As 
it had been borrowed by the theatres the cleaning actually 
carried out was not known, Greater than 10^ c.f.u./ml 
of Pseudomonas sp, were isolated. On the following day the 
whole gastroscope was sampled more thoroughly. No organisms 
were isolated from any of the outer surfaces. Air blown 
through the air/water channel caused about 0.5 ml of liquid 
to emerge and this yielded greater than 10^ c.f.u./ml of 
Pseudomonas sp. Sterile water passed down the biopsy channel 
yielded 6*7 x 10^ c.f.u./ml of two different Pseudomonas 
species.
This gastroscope was not used again until about 
six weeks later when it was used on nine patients during a 
session. It was cleaned after use but methanol was not used 
in the biopsy channel. One week later air was blown through 
the air/water channel and the broth into which the air was 
blown yielded 6.5 x IQ-' c.f.u./ml Pseudomonas maltophilia. 
Pseudomonas sp, and Enterobacter aerogenes were isolated. 
Pseudomonas aeruginosa type Plb and Pseudomonas maltophilia 
(9.5 X 10^/ml) were isolated from the biopsy channel,
Gastroscope GIF-P2 710870
This was the gastroscope which was in regular use 
during the period of this study. Samples were obtained on 
six separate occasions and the results can be summarised 
as follows.
(i) Outer surfaces during storage (i.e. after cleaning) - 
very few organisms isolated.
( ii) Air/water channel
Immediately after use - low levels of contamination 
(10^-10^) including Staphylococcus albus
Streptococcus sp,
Lactobacillus sp,
Proteus sp.
Following day ~ numbers had risen to 10^ - 10^, 
including Pseudomonas sp,
Flavobacterium sp.
One week later - numbers and species still approximately the same,■     '
(ill) Biopsy channel
Immediately after use (before any cleaning)
10^ - 10*^  including Straptococeus spp.
Flavobacterium sp.
Pseudomonas spp.
Proteus sp.
Following day ( cleaned the day before) lO'^  
including Staphylococcus albus
Pseudomonas sp.
One week later - numbers had risen to 10^-10^ 
including Pseudomonas aeruginosa type PIO
Pseudomonas spp,
Flavobacterium sp,
Candida sp,
Defoaming tubes
These were narrow plastic tubes capable of being 
passed down the biopsy channel and were used occasionally to 
administer defoaming agent to prevent foaming in the stomach. 
They were stored in a drawer of the endoscope cupboard and 
some were apparently dirty and wet.
Two of the five tubes in the drawer were shown to 
be heavily contaminated, one with Pseudomonas aeruginosa 
type Plb (2.5 % 10^ per ml of sample water passed through)^ 
the other with Flavobacterium sp, and coliform organisms 
(l X 10^ c,f.u,/ml). Both of these tubes looked wet before 
sampling whilst no bacterial growth was obtained from the 
other three tubes which appeared to be dry. The importance 
of putting equipment away dry rather than wet was thus 
clearly demonstrated.
Miscellaneous endoscope accessories
Three cleaning brushes which were hanging in the 
endoscopy cupboard were sampled by agitating each in five ml 
of sterile nutrient broth. Although one of these had been 
used on.the previous day, no growth was obtained in any of 
the broths. Apparently washing in soap and water and 
subsequently storing the brushes dry was enough to keep them 
free from bacterial contamination.
The plastic attachment provided for cleaning had 
apparently never been used. It appeared to be dry and was 
sampled by passing five ml of sterile water through it. 
h X 10^ c.f.u./ml were isolated including Staphylococcus albus
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and Pseudomonas sp. This tube was subsequently soaked 
(for ten minutes), or rinsed, in 70 per cent, methanol on 
several occasions, after which samples always produced no 
bacterial growth. Evaporation of any residual methanol in 
the tube ensured that it was always thoroughly dry during 
storage,
Pseudomonas aeruginosa type Plb was isolated from 
two of the gastroscopes (GIF-K and GIF-D3) and also from 
one of the defoaming tubes. It is possible therefore thah 
the defoaming tube could have acted as a carrier of the 
organism from one gastroscope to the other. This organism 
was isolated from one of the gastroscopes (giF-K) on two 
separate occasions and it was almost certainly present in 
the gastroscope when it was used on three patients during a 
session between these isolations. However, examination of 
the microbiological records of these patients covering the 
following 12 months showed no evidence of subsequent 
infection with this organism.
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3.3.2 CORROSION OF ENDOSCOPE COMPONENTS
Initially miscellaneous endoscope components, 
including, insertion tubes without their inner contents, from 
a gastroscope and bronchoscope were immersed in a sodium 
hypochlorite solution (100 p.p.m. av.Cl. pH 7.6), Within 
24 hours it was noticed that a white sheen had appeared on 
many of the black polyurethane sections but this disappeared 
when they were removed from the solution. None of the metal 
parts were apparently affected by immersion for up to 11 days, 
but by this time the white sheen on the polyurethane had 
become whiter and although this lessened on removal from 
solution, the siuTaces which had been shiny now appeared matt. 
A piece of rubber around the bending section of the 
gastroscope became quite sticky. Furthermore, it was 
noticed that by 11 days no available chlorine was left in 
the solution (initially 100 p.p.m. av.Cl.).
In order to investigate these effects further, 
a more controlled series of experiments were carried out 
using three solutions:-
(a) 100 p.p.m. av.Cl, pH 7*6
(b) One per cent, methanol + 100 p.p.m. av.Cl. pH 7,6
(c) tap water.
Seven materials which are used in most fibre-optic 
endoscopes, were tested. These were polyurethane, rubber, 
stainless steel, glass, Araldite, Teflon and polythene and are 
described in section 2.7*6 (Materials and Methods),
Visual appearances of the materials after immersion 
in the solutions for up to two months were noted, and assays 
of available chlorine levels over the same period were carried 
out. By measuring the loss of available chlorine in solutions 
containing the materials and also in control solutions with 
no immersed materials it was hoped that some measure of the 
reactivity of the materials with the solutions could be 
obtained.
Polyurethane, rubber and Araldite were the only 
materials which were visibly affected, and it was also in 
solutions containing these materials that available chlorine 
was lost at an appreciably faster rate. (Figure 30 ),
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Polyurethane
Similar changes were observed in the solutions 
which contained sodium hypochlorite but not in the tap 
water control. The white marks on the polyurethane surface 
started to turn yellow and the gloss on the black areas had 
turned grey but on removal this returned to black although 
the gloss was not regained. These changes were slightly more 
marked in the s olution which contained no methanol probably 
due to the fact that chlorine was present in this solution 
for a longer period.
Rubber
As with polyurethane, changes were observed in 
the solutions containing sodium hypochlorite but not in the 
tap water control. The changes were again most marked in 
the solution containing no methanol. Within three days the 
rubber lost the slight shine which had originally been present 
and became slightly sticky.
Araldite
. The same changes were noticed in all three solutions 
including the tap water, and were thought therefore to have 
been due to incorrect preparation of the two part resin 
initially. Small bubbles appeared throughout the lump of 
resin and the surface became slightly soft and sticky. This 
part of the experiment was later repeated after allowing a 
longer period of time for the resin to set before immersing 
it in the solutions. The effects noticed this time were 
much reduced and almost absent although the rate of loss of 
available chlorine in the solutions was much the same as 
previously (Figure ,50).
Loss of available chlorine in solutions
Figure 30 (a) shows the loss of available chlorine 
in buffered sodium hypochlorite solutions (lOO p.p.m. av.Cl. 
pH 7.6) containing the endoscope components. Those materials 
visually affected were shown to cause a much more rapid loss 
of available chlorine than those/apparently unaffected. In 
the solution containing stainless-steel and glass (the distal 
tip) the rate of loss of^  available ohlprine was more rapid 
than in a control solution but this was thought to be due to 
the presence of bits of debris and plastic which\could not 
be removed from the various orifices in this component.
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Figure SCr (b) shows the loss of available 
chlorine in mixtures containing one per cent, methanol 
and 100 p.p.m. av.Cl. (pH 7*6). All the available chlorine 
was lost within eight days and therefore there was little 
point in continued immersion of the pieces after this time. 
Similarly, in the 100 p.p.m. av.Cl, solutions, those 
containing polyurethane, rubber and Araldite had lost theiæ 
available chlorine within two weeks and therefore continued 
immersion up to six months was probably unnecessary. Although 
these materials were left immersed for as long as the other 
materials (six months) no further visual effects were 
noticed after all the available chlorine had been lost.
In some solutions, flakes of shiny, transparent 
material appeared on the. surface of the liquid and in others 
bubbles developed which adhered to the immersed components. 
However, both of these were seen with various materials in 
all three solutions including the tap water control and 
were thought probably to have been due to some property 
of the jars which were used rather than to the solutions 
or the components immersed. Wide topped 100 ml volume honey 
pots with metal lids which had had their cardboard liners 
removed were used for this experiment.
The corrosion tests carried out so far effectively 
ceased when all the available chlorine had been lost. This 
meant that polyurethane and rubber components were subjected 
only to relatively short periods of immersion. The following 
experiments were therefore carried out in order to investigate 
the effects of repeated or continuous immersion in solutions 
containing 100 - 500 p.p.m. av.Cl*
Repeated immersion in 200 p.p.m. av.Gl. pH 7.6
A solution of sodium hypochlorite buffered to pH 7*6 
'and containing 200 p.p.m. av.Cl. was prepared and distributed 
into honey pots as described earlier. Samples of polyurethane, 
rubber, teflon, polythene and stainless steel were immersed 
one in each pot. These materials were left in the solution 
for up to four months and visual effects and available chlorine 
levels noted. Tap water controls were also set up.
Similar pieces of the same materials were also 
immersed together in a pot containing the same solution 
(200 p.p.m. av.Cl, pH 7.6) and left for one hour. After this 
period they were removed and left to dry in air without
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rinsing or washing off any hypochlorite residues. The 
same process was repeated for one hour daily on. 32 days, 
the hypochlorite solution being replaced with fresh 
solution whenever the available chlorine level fell to 
below 120 p.p.m. av.Gl. (every five to ten days). Visual 
effects were noted.
Polyurethane was most affected by this solution 
as shown by the rate of loss of available chlorine (Figure gq^) 
and visual effects. Rubber was the next most severely affected. 
Teflon, polythene and stainless steel showed no signs of 
corrosion with up to four months continued immersion. The 
effects on both polyurethane and rubber when continually 
immersed were more severe than those shown earlier with 
100 p.p.m. av.Ol. but on removal from the solutions many of 
these effects were lost,. However, the polyurethane never 
completely regained its gloss.
Daily immersion of the materials also affected the 
polyurethane more severely than the other materials but damage 
was much less and even after 32 daily immersions the gloss 
returned on exposure to air. Slight yellowing of the white 
markings remained* Rubber, teflon, polythene and stainless 
steel were apparently unaffected.
Corrosion by solutions containing 100, 200 and 500 p.p.m. av.Cl, 
There might be occasions when it would be beneficial 
to raise the level of available chlorine used for disinfecting,/ 
sterilizing endoscopes. It was therefore necessary to 
investigate the corrosive effects of higher concentrations 
of available chlorine. Three solutions of sodium hypochlorite 
(pH 7*6) were therefore prepared* They contained 100, 200 
and 500 p.p.m, av.Cl, respectively. The materials tested 
were polyurethane, rubber, teflon, polythene and stainless 
steel. Samples of each material were placed in sterile test 
tubes and the hypochlorite solutions added such that each 
piece was fully immersed in the liquid. Tubes were left at 
room temperature for 24 hours (72 hours at weekends), after 
which time the solutions were removed and replaced with freshly 
prepared solutions* Thus, diminished effects due to gradual 
loss of available chlorine in the solutions were eliminated.
Any effects on the materials were noted daily.
Neither rubber, teflon, polythene or stainless 
steel showed any visual signs of damage in any of the three 
solutions with up to 25 days continuous immersion. Polyurethane 
was once again the material most severely affected.
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PIGURB 30
Loss of Available chlorine in solutions containing endoscope components at 23 "t 1*^ 0
Type of material immersed;- 
o Polythene
V Teflon
V Stainless steel + glass 
o Rubber
A Polyurethane 
B Glass + araldite
•Gohtrol, no material immersed in the solution,
immersion in a solution containing 100 p.p.m, av.Ol pH 7.6.
SCP'(b) immersion in a mixture containing one per cent, methanol and 100 p.p.m. av.Ol. pH 7*6,
FIGURE 31
Loss of available chlorine in a solution initially containing 200 p.p.m. av.Cl. caused by immersion of endoscope components ~ub~^3^i l^Q ~
Type of material immersed;- 
o Polythene 
• Teflon
□ Stainless steel + glass 
V Rubber 
A Polyurethane
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The gloss v/as lost in all three solutions within two hays, 
but previous experiments showed that this may return on 
exposing the material to air and allowing it to dry. Within 
seven days the outer sui'face of the polyurethane in the 
500 p.p.m. av.Gl. solution began to blister badly. This also 
occurred to a slightly lesser extent in the 200 p.p.m. av.Cl. 
solution within eight days, whilst in the 100 p.p.m. av.Ol. 
solution no such effects were noticed until II4 days after 
immersion and then this was very slight and v/as still 
slight after 25 days. Removal of the polyurethane from 
the 100 p.p.m. av.Ol. solution after 25 days, and allowing 
it to dry in air caused the blistering to disappear and the 
only changes then observable were loss of shine and slight 
yellowing of the white markings.
The blistering observed on the polyurethane in the 
200 and 500 p.p.m, av.Ol. solutions became worse as immersion 
was continued, forming a yellow/white encrustation more 
pronounced in the 500 p.p.m. av.Ol. solution. After 25 days 
these materials were removed and allowed to dry in air. 
Subsequent examination showed that a white cracked 
encrustation thinly covered the surface of the piece which 
had been in the 200 p.p.m. av.Ol. solution whilst the piece 
which had been in 500 p.p.m. av.Ol. had a thicker cream/yellow 
encrustation covering the surface.
A buffered hypochlorite solution containing 500 p.p.m. 
av.Ol, (pH 7 .6 ) did therefore, cause more severe effects than 
lower concentrations, although only on the polyurethane.
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3-3.3 LABORATORY CONTAMINATION OP AN ENDOSCOPE« ANDDISINFECTION USING A-BUFFERED HYPOCHLORITE 83LUTI0N
The endoscope used was an esophago-fihre scope
(SF“L No,912328) supplied by Key Med Ltd. It was a fully
flexible fibre-optic endoscope very similar in design and
operation to the gastroscope described in the Introduction
(1.6 .4.1.2).
On receipt of the instrument, a sterile piece of 
cotton wool was pulled through the biopsy channel using 
sterile biopsy forceps. This looked dry but slightly dirty 
on emergence. Culture of the swab gave approximately 10 
Staphylococcus albus but culture of sterile water subsequently 
passed down the channel produced no growth. This instrument 
had to be sent back to Key Med for repair almost immediately 
due to a minor fault and. on receipt again it v/as sampled 
as previously. The cotton wool swab looked clean and dry 
on emergence but a growth of Pseudomonas maltophilia and 
Pseudomonas putida was obtained, (Approximately 3 x 10^ 
organisms on swab), A water sample passed down the biopsy 
channel yielded Pseudomonas putida, and small numbers of 
Acinetobacter sp, Moraxella sp, and F1 avobacterium sp, 
were also identified.
In order to remove the contaminating bacteria the 
biopsy channel was washed twice with 70 per cent, methanol, 
using the cleaning attachment, and dried as thoroughly as 
possible by sucking air through the channels. The endoscope 
was left for o ne hour at room temperature and then a piece 
of dry sterile cotton wool passed through to completely dry 
the channel. Subsequent passage of sterile water and sterile 
cotton wool swabs yielded no bacterial growth on culture. 
Control Experiments
A number of experiments in which the biopsy channel 
was contaminated, and then counts of recoverable organisms 
‘made, were necessary in order to obtain standards on which 
subsequent experiments could be based. The biopsy channel 
was therefore contaminated using method (b) (2,7*3 Materials 
and Methods) which v/as the main method used for all of the 
experiments. Organisms were suspended in distilled water 
and no drying time in the channel was allowed. Sterile water 
(2 0 or 30 ml) was then passed down this channel using a 
syringe connected to the cleaning attachment. A viable 
count was carried out on the water which emerged. The results 
of these controls are shown in Table I4.Ô,
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TABLE .
NUMBER OF ORGANISMS RECOVERABLE AFTERGONTASlINATION OF BIOPSY CHANNEL AT 23 ±“'l^C
Bacillus subtilis Mycobacterium Pseudomonasspores c.f.u./ml of sample water
fortuitum c.f.u./ml of sample water
. putida c.f.ü./înl of sample water
2.25 X 10“'- 3.00 X 10^ ^ 2) 1.00 X 10^ ^2)
3-10 X 10^ (1) 6.50 X 10^ (2) 1.21 X 10^ (2)
3*10 X 10^ 1.24 X 10^ (2) 1.44 X 10^ (2)
3.20 X 10^ (1) 5.75 X 10^ (2) 1.80 X 10^ (2)
2.00 X 10^ (1) 1.95 X 10^ (2) 4.40 X lo"^  (2)
2.50 X 10^ 4.75 X 10^ (2) 4.65 X 10^ (2)
5.05 X 10^ (2) 9.45 X 10^ (2) 2.60 X 10*^  (2)
5.60 X 10^‘ (2) 1.40 X 10^ (2)
2.69 X 10^ ' 9.42 X 10^ 2.44 X 10? MEAN
2.00 X 10^ ^ 3.00 X lo'^ 1.00 X 10^ MINIMUM
Notes
(1) Volume of sample water = 50 ml,
(2) = 20 ml.
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The lowest figures obtained from these controls 
were later used as the initial count to calculate log 
reductions achieved by particular treatments» The same 
type of inoculum was used for all experiments as follows:* 
B.subtills “ spore suspension in distilled 
water stored at ( 1 x 10^ spores/ml)
Mefortuitum 3 day culture grown at 37 0
in peptone water*
Ps cputida 2k hour culture grown at 37 0
in peptone water*
Length of time required to suck liquids through channels 
Liquids were sucked up either directly through 
the biopsy channel or via a cleaning attachment using a vacuum 
pump connected via a liquid trap to the suction connection 
at the end of the universal cord of the endoscope (see 
section 1.6,4*1 Introduction) as shown in the diagram below.
W A
It was found that suction of 500 ml of liquid 
up the biopsy channel (A~0) required 65 seconds. To suck 
500 ml via the cleaning attachment (B-G) with A immersed in 
liquid, or covered with a finger, required 45 seconds. 
Similarly 200 ml through A-C required 30 seconds and 200 ml 
through B~G required 29 seconds (or 50 seconds if A was open 
to the air).
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Removal of organisms from the biopsy channel by suction of liquids
In order to evaluate the effectiveness of 
sodium hypochlorite in removing or killing organisms 
contaminating the biopsy channel it was necessary to know 
what reduction in count would be achieved using water alone.
For this reason, a set of controls with water were carried 
out and the effectiveness of Gidex was also compared.
Initially non-sterilized distilled water was used but this 
v/as later changed to sterile distilled water because of the 
risk of contaminating the biopsy channel with organisms 
different to those under test. Any organisms thus 
introduced would be capable of multiplying overnight in the 
instrument which was very difficult to dry thoroughly.
The biopsy channel was contaminated using method (b) 
(Materials and Methods 2,7*5) and then a volume of water 
sucked through the biopsy channel (A-O), Subsequently on 
equal volume was sucked through the upper section of the 
biopsy channel (B~0) using the cleaning attachment. The 
experiment was repeated at least four times for each 
organism tested and for each volume of water used. Up to 
12 experiments were carried out in some cases.
Experiments in which either Gidex or a solution 
of sodium hypochlorite containing 100 p.p.m, av.Gl. and 
buffered to pH 7*6 were sucked through the channels, were 
carried out exactly as described above. Surviving organisms 
were recovered using sterile distilled water, when water or 
Gidex had been used, and sodium thiosulphate (0.5 per cent, 
aqueous solution) after using sodium hypochlorite. Enumeration 
of survivors was by dilution and plating or by membrane 
filtration when low numbers of survivors were present 
(Materials and Methods 2.7*5),
The results of these experiments are shown in 
Table 47® Mean results are given. A comparison of means 
using the Student’s t test showed that at the significance 
level of p = 0.0 5 , the following conclusions could be drawn:-
(a) sodium hypochlorite (100 p.p.m, pH 7.6) was 
significantly better than water in removing 
Pseudomonas putida from the biopsy channel,
(b) when Mycobacterium fortuitum or Bacillus subtilis 
spores were used no difference between water and 
sodium hypochlorite could be detected.
265
TABLE 47 ■
REDUCTION IN COUNT ACHIEVED BY SUCTION OF LIQUIDS' THROUGH THE BIOPSY CHANNEL AT 23 ± 1 0
Treatment • ■ T^y Log reduction in count achieved'^' using
Liquid Volume^(mis) PScputida M .fortuitum Be subtilis spores
Water 100 2.7 - -
Water 500 1.6 2,4 4.0
Buffered''hypochlorite 100 6,3 5.5
Buffered^hypochlorite 200 5.8 5.5 5.5
Buffered^hypochlorite 500 6,7 3.2 4.0
Cidex 200 6,0 2.7 1,1
Gidex 500 == 5.0 2,0
Maximum reduction possible (Table 47) 7.0 4.0 4.0
Notes
(1) X ml liquid sucked up biopsy channel (a ~G diag p. ) 
and X ml liquid sucked through cleaning attachment (B»G), 
Volume in table = x,
(2) Mean of between four and twelve experiments.
(3) 100 p.p.m, av.Gl, pH 7,6
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(c) sodium hypochlorite (100 p.p.m. pH 7*6) was 
significantly better than Cidex in removing 
Bacillus subtilis spores from the biopsy channel,
(d) when Ps.putida or M.fortuitum were used no 
difference between Gidex and sodium hypochlorite 
could be detected.
The results showed that although no difference 
could be shown between Gidex and hypochlorite when Ps.putida 
or Mofortuitum were used there was a significant difference 
when spores of B.subtilis were present. Gidex has little 
sporicidal activity which explains this result, and the 
results also indicate that had further replicate counts 
been obtained hypochlorite may have been shown to have been 
significantly better than Gidex in removing M.fortuitum.
Due to their physical structure, both 
B.subtilis spores and M.fortuitum were likely to have 
adhered less readily to the biopsy channel wall and thus 
have been more easily removed by physical passage of liquids. 
This could explain why water was apparently as good as sodium 
hypochlorite in removing these organisms. With Ps.putida* 
sodium hypochlorite was shown to be significantly more 
efficient than water.
When all of these results are considered, sodium 
hypochlorite ( 100 p.p.m. av.Cl. pH 7.6) v/as shown to be more 
effective in removal of organisms from the biopsy channel 
than either water or Cidex?
Removal of organisms from the biopsy channel by soaking in buffered sodium hypochlorite (pH 7.6)
The previous experiment showed that suction of 
buffered sodium hypochlorite solution removed microorganisms 
from the biopsy channel. It might be expected that leaving 
the solution in the channel for a longer period of time 
might produce even better results.
The biopsy channel was therefore contaminated 
using method (b) (2.7*5 Materials and Methods). A buffered 
hypochlorite solution containing either 100 or 200 p.p.m. av.Gl 
at pH 7,6 was drawn into the biopsy channel and cleaning 
attachment by means of a 50 ml syringe fixed to the end of 
the cleaning attachment. After the required soaking time 
this solution was removed by depressing the syring plunger, 
disconnecting the syringe and allowing residual liquid to 
drain out. 50 ml of sterile sodium thiosulphate solution
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(0.5 per cent.) was then used to sample organisms left 
in the channel, as described previously, The results 
(means of at least two experiments) are shown in Table 48.
Increasing the soak time above ten minutes 
gave no further improvement in destruction of organisms 
since virtually all had been eliminated within ten minutes, 
200 p.p.m. av.Cl, gave only slightly better results than 
100 p.p.m, av.Gl, and this was most marked with the shorter 
contact times.
A combination of soaking the channel followed by 
suction of the disinfectant through the channel, could be 
expected to achieve the most efficient removal of organisms 
since any organisms not killed by the soak in disinfectant 
should be flushed away. The following experiment was 
therefore carried out.
Removal of organisms by soaking the biopsy channel followed by suction of buffered hypochlorite ( 100 p.p.m, pH~7V6r '
The biopsy channel was contaminated as in previous 
experiments, A solution of sodium hypochlorite (100 p.p.m. 
pH 7*6) was di*awn into the biopsy channel and left there 
for either five or ten minutes as described in the previous 
experiments. After this time 50 ml of the solution was 
sucked through the biopsy channel (A-G) and the same volume 
sucked via the cleaning attachment (B-C), EnuBieration of 
survivors was carried out using sodium thiosulphate solution 
as previously described. The results (Table 49) showed that 
consistently good removal of organisms was achieved with 
either five or ten minutes soak with Ps.putida or B.subtilis
spores. There appeared to be no advantage in soaking for 
ten minutes instead of five in these cases. However, when 
M,fortuitum was used as the test organism slightly better 
results were achieved with the ten minute soak. With this 
organism results were found to be variable depending on 
whether the suspension was initially added to the channel 
using a syringe or a pipette. Better results were obtained 
when the inoculum had been added with a syringe and needle, 
probably due to breaking up of clumps of organisms as they 
were forced through the small aperture of the needle.
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REDUCTION IN COUNT ACHIEVED BY SOAKING BIOPSY GHAliNEL IN SODIUM HYPOCHLORITE SOLUTIONS AT■-5r'775'‘XT~2Ti"Tc*G — -------
Time (mins) Number of log reductions using achievedof soal’i Ps,putida M, fortuitum B,subtilis spores
100 200 100 200 100 200p.p.m. p.p.m. p.p*m. p.p.m. p.p.m. p.p.m.Av.Clc Av.Cl, Av.Gl, Av.Gl, Av.Gl. Av.Cl,
1 4*0 5.0 3.0 4.0 -
2 3*0 5.0 — - -
3 - 7.0 U.o 2,5 - u.o
3 7*0 - 1.0 1,0 3.3 U.o
10 7*0 — U.o 4.0 4.0 U.o
15 7*0 — — -
30 7*0 7.0 - - - -
60 7.0 — » — ~
TABLE 49
REDUCTION IN COUNT ACHIEVED BY SOAKING- BIOPSY CHANNEL AND THEM SUCKING- 50 ML OF THJS SAME SQLUTIQFTIQQ p.p.m. av.Cl. pH fjp) THROUGH BOTH THE BIOPSY CHANNEL AND CLEANING ATTACHMENT AT 2 3 " T T ^
Soak time Log reductions in count achieved using
(mins) Ps,putIda M»fortuitum B.subtilis spores
5 5.5 1.5 (2.5)(^) U.O
10 5.3 2.5 (U.0)(1) Û.0
Notes
(l) Greater reduction in count achieved when clumps of M.fortuitum had previously been broken up (see text)
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Removal/destruction of organisms dried in seriim in the biopsy channel
Cleaning instructions provided by endoscope 
manufacturers and suppliers often state that channels should 
be rinsed immediately after use in order to prevent organic 
materials drying onto the surfaces. However» this may not 
always be done, thus cleaning might be mads more difficult.
In order to investigate the effectiveness of cleaning 
and disinfecting a channel coated with dried organic matter, 
the following experiments were carried out. Since disinfection 
should always be preceded by thorough cleaning, disinfection 
of the contaminated channel was not attempted directly but 
a combined cleaning and disinfection process was investigated. 
Method of contamination of the biopsy channel
Five ml of sterile inactivated horse serum was 
inoculated with either B,subtilis spores or M.fortuitum*
Five drops (0.1 ml) of a stock spore suspension or of a three 
day culture of M.fortuitum in peptone water were added to 
five ml of serum and viable counts carried out. This 
contaminated serum was sucked into the biopsy channel of 
the endoscope, via the distal tip, using a syringe connected 
to the cleaning attachment, It was left in the channel for 
15 minutes, then removed by depressing the syringe plunger, 
removing the syringe and allowing any excess serum to drain 
out with the insertion tube in a vertical position. After 
allowing 15 minutes for drainage, the tip was wiped dry and 
the endoscope replaced in its carrying case and left at room 
temperature,overnight•
Method of cleaning and disinfecting the biopsy channel
The cleaning method was basically as recommended 
by Key Med Ltd, A solution of soap flakes in warm water 
was prepared and 500 ml sucked through the biopsy channel 
with the biopsy valve removed and a finger over the biopsy 
channel aperture. The cleaning brush was passed up and 
dovm the biopsy channel once during this procedure. After 
sucking the 500 ml of soap solution the cleaning brush was 
passed up and down the biopsy channel several times, 500 ml 
of sterile water were then sucked up the biopsy channel and 
an equal volume of sterile water sucked through the cleaning 
attachment and upper section of the biopsy channel. Finally 
500 ml sodium hypochlorite (lOO p,p,m, pH 7®6) were also 
sucked through both the biopsy channel and cleaning 
attachment.
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50 ml sterile sodium thiosulphate was passed 
down the biopsy channel and the sample emerging at the 
distal tip cultured, as described previously, to enumerate 
survivors. The lowest viable count obtained in the serum 
used as inoculum for the channel was 2 ,6 2 x 10^/ml with
M.fortuitum. All other counts, for both M.fortuitum and   ^B.subtilis? were greater than p x 10 /ml. This meant that 
of the five ml drawn into the biopsy channel, even if only 
0.1 ml remained after drainage, there would have been at 
least 2 X 10^ organisms left and in most cases at least 
3 X 10^9 It is likely that more than 0.1 ml would have 
remained in the channel.
Each organism was tested using the above method 
of contamination and cleaning at least five times and in 
each case at least five log reductions in count were 
obtained. This combined cleaning and disinfection method 
therefore apparently gave very good disinfection with the 
possibility of sterilisation. The earlier experiments 
indicated that leaving the hypochlorite in the channel for 
five minutes before sucking it through gave more consistent 
results, and this, combined with the cleaning procedure 
described above, would probably be the safest method to 
adopt.
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SUMMARY OF SECTION 3»3 
At this stags, before beginning the discussion,
a brief summary of the results obtained concerning endoscopy
is probably useful.
(1) Methods of cleaning and disinfecting endoscopes in 
different departments of two general hospitals varied 
widely«, Where the effectiveness of disinfection 
methods was assessed, by bacteriological sampling, 
they were shown to be adequate for the external 
surfaces but not for the internal channels.
(2) The biopsy/suction channels became grossly contaminated 
with bacteria during use* The air/water channels 
became less heavily contaminated but were more difficult 
to clean thoroughly.
(3) The importance of thoroughly drying equipment before 
storage, was demonstrated. However the internal 
channels of the endoscopes were very difficult to 
dry and even storage in a vertical position did not 
allow liquids to completely drain out* For this 
reason cleaning immediately before use, to remove 
any organisms which had multiplied since the 
equipment was last used, was shown to be important.
(h) Corrosion tests showed that Teflon, polythene, and 
stainless steel were apparently unaffected by 
repeated immersion in sodium hypochlorite solutions 
containing up to 500 p.p.m. av.Ol. Severe blistering 
of the surface of the polyurethane, which is used to 
cover the endoscope insertion tube, occurred when it 
was immersed in a solution containing 500 p.p.m, av.Gl, 
for a long period (25 days). With shorter periods 
or less concentrated solutions less damage occurred. 
Rubber was slightly affected by some of the solutions 
tested.
(5) In experiments where the biopsy channel of an c 
endoscope was artificially contaminated with spores 
or vegetative organisms,a solution of sodium 
hypochlorite (100 p.p.m. av.Gl. pH 7*6) was shown to 
be more effective than Gidex or water in removing 
these organisms.
(6) A combined cleaning and disinfection method using soap 
solution followed by sodium hypochlorite solution 
(lOO p.p.m. av.Gl. pH 7,6)-was shown to efficiently 
remove organisms dried in serum in the biopsy channel,
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4 DISCUSSION
This section will include discussions of the 
methods used to study mixtures of alcohols and hypochlorite 
and the results obtained, the possible mechanism of action 
of such mixtures, their application in the field of 
surgical instrument disinfection, other applications, and 
ideas for further work,
4*1 CRITIQUE OF METHODS ÜSBD
It is always necessary when testing disinfectants 
to ensuite that the test conditions adequately represent the 
conditions under which the disinfectant will be required to 
work (1,4*2). Although less realistic tests may initially 
be used to screen a large group of possible disinfectants 
(alcohol/hypochlorite mixtures in this case) eventually the 
disinfectant evaluation tests should be as realistic as 
possible,
One of the aims of this work was to develop a 
rapid-acting sporicidal liquid,since there are none available 
at present for treating surgical equipment. Thus, the only 
choice of test organism was bacterial spores. Since spores 
are the most difficult organisms to kill (1.5.1) any liquid 
capable of killing them should kill other microorganisms 
with a wide margin of safety. Spores produced by members of 
Bacillus species are generally considered to be more resistant 
to chemical disinfectants than those produced by Clostridium 
species (1.5.1*3) and therefore spores of one of the Bacillus 
species should be the choice for use in tests. Bacillus 
subtilis spores were chosen for the reasons described earlier 
(2.1.1(a)).
The suspension test (2.5.2.1) which was chosen 
to test sporicidal activity was simple to carry out and gave 
reproducible results. In practice spores are more likely 
to be present in the dried state than in suspension but tests 
using spores dried onto surfaces were found to be more difficult 
to carry out and were not very reproducible. Although some 
authors have found dried spores to be more resistant than 
those in suspension (2.4*3*2) the results of experiments 
described in section 3*2,3.2,2 indicated that there was 
little difference in resistance between the two. Thus a 
suspension test was used, for the majority of the testing, 
although for the final evaluation of the sporicidal liquid
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chosen for use with surgical equipment, spores were dried 
onto the equipment (the biopsy channel of a flexible 
fibre-optic endoscope) thus making the test very realistic.
In order to ensure that maximum recovery of 
spores after disinfectant treatment was achieved, factors 
such as inactivation of disinfectant, choice of diluent,and 
incubation media and temperature were thoroughly investigated 
initially. Thus the possibility of false results due to 
slightly damaged cells being killed rather than.revived 
during recovery, was minimised.
Some screening of mixtures, before testing for 
antimicrobial activity, was carried out by chemically assaying 
the available chlorine present at intervals after preparation 
of the mixture. The chemical titration (2,3*3*2) was quick 
and siAple to do and if no available chlorine was left in a 
mixture at a certain time, sporicidal activity was also 
likely to be absent.
The bactericidal activity of certain mixtures was 
tested in order to give a wider indication of their range 
of activity although ability to kill spores should have 
indicated ability to kill other microorganisms. Activity 
against filamentous fungi, viruses and protozoa was not 
examined since more specialised methods of testing, and 
different equipment, would have been necessary and this was 
not within the scope of this study.
The effect of organic matter on activity was 
measured using the suspension test described earlier (2,4.3-1) 
Since mixtures were shown to be severely inactivated using 
this test, specialised tests for assessing inactivation, 
such as the ^Quantitative Organic Soil Neutralization Test' 
(Whitmore and Miner, 1976) were not thought to be necessary. 
The effect of inactivation by serum was also tested by a 
Burface-film test (2*4*3.2) in addition to its effect in . 
suspension*
Corrosion of metal wires was estimated simply, 
mainly by visual appearance after immersion in solutions.
This gave an adequate indication of the effects caused by 
different solutions, for the purposes of this work. More 
accurate measurement of the effects of solutions on the wires 
could have been gained by weighing, and by measuring diameters 
using a micrometer gauge,but this was not considered to be
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necessary. Similarly, with experiments using endoscope 
components, for detailed analysis of effects samples 
should have been returned to the manufacturers for their 
evaluation of damage caused. However, the experiments 
showed that the solutions tested caused no severe effects 
indicating that they could he used with care experimentally, 
allowing the manufacturers to periodically check the complete 
instrument for damage,
4.2 PROPERTIES OF MIXTURES OF ALCOHOL AND HYPOCHLORITE 
Several mixtures of alcohol and hypochlorite 
were investigated and it was shown that alcohols (which had 
no sporicidal activity) potentiated the sporicidal activity 
of sodium liypochlorite solutions (3*2,3.2.1), However in 
doing this stability of the hypochlorite solution was reduced, 
thus reducing its active life (3*2,3*1*3)* By mixing alcohols 
(10-30 per cent,) with sodium hypochlorite (2,000 p.p.m. av,Gl.) 
mixtures were obtained which had better sporicidal activity 
than currently available liquid chemical disinfectants.
The main disadvantages of these mixtures which had initial 
pH values of 10.8 - 12,2 were their corrosiveness to metals, 
instability, and inactivation by organic matter. By reducing 
the pH using appropriate buffers, activity was increased 
thus allowing the concentrations of alcohol and hypochlorite 
to be reduced without loss of activity. Reduction of alcohol 
and hypochlorite concentrations increased stability and the 
corrosiveness of the mixtures was less with lower concentrations 
of hypochlorite. Inactivation of mixtures by organic matter 
v/as still a problem, common to all chlorine containing 
disinfectants and could not be overcome. However, this could 
possibly be turned to advantage in educating users of 
chemical disinfectants that cleaning of instruments before 
disinfection is essential.
As the concentrations of alcohol and hypochlorite 
in the mixtures were reduced the potentiating effect of the 
alcohol decreased. Thus a mixture containing one per cent, 
methanol and 100 p.p.m. av.Gl, at pH 7*6 had few advantages 
over a solution containing 100 p.p.m. av.Gl. alone at the 
same pH. Although the activity of the mixture was slightly 
better initially (Table 33) its stability was less and in 
practice the danger of the mixture being made up incorrectly 
or left for several days before use would probably outweigh 
the advantage of slightly more rapid action. Thus,
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solutions of hypochlorite alone buffered to pH 7*6 
were used in much of the later work,
4.3 MECHANISM OF ACTION OF ALQQHOL/HYPQGHLORITS MIXTURES
Prior to this study, the only work on the 
microbicidal activity of mixtures of alcohol and hypochlorite 
was by Kelsey _et (1974) and they made no attempt to 
investigate why such mixtures had better activity than 
hypochlorites alone. Various theories to explain their 
activity were put forward in section 3 *2 .3 .3 . and some 
experiments were undertaken to try to gain further information 
about the mechanism of action.
Reaction between alcohols and hypochlorite could 
result in the formation of a more sporicidally active 
substance. In order to determine the nature of any reaction 
products, analytical chemical tests or infra-red spectrophotometry 
could have been carried out. Analytical chemistry would have 
required chemistry laboratory facilities which were not 
readily available. Although it was of interest to know how 
the mixtures worked, the main purpose of this work was 
development and application of a sporicidal liquid and for 
this reason the use of analytical chemistry was not pursued. 
Infra-red spectrophotometry cannot be carried out 
on aqueous solutions since it requires the sample to be placed 
between sodium chloride plates. Samples would therefore have 
had to have been extracted into organic solvents making it a 
time consuming and technically difficult procedure.
Analysis of reaction products thus appeared to be 
technically difficult with the facilities available. The 
theoretical reactions which could occur between alcohols and 
hypochlorites were therefore considered.
Very few reactions are documented in the chemical 
literature, but three possibilities are
(a) formation of a complex
(b) formation of alkyl hypochlorites
(c) oxidation of alcohols by hypochlorite 
MacLeod (1973) found no evidence of complex
formation with methanol (5 0 and 10 per cent.) and hypochlorite 
(2,000 and 400 p.p.m. av.Ol.) using ultraviolet spectrophotometry.
Lidwell and Lovelock (1946) described the production 
of tertiary butyl hypochlorite by the addition of tertiary butyl 
alcohol to an alkaline solution of sodium hypochlorite.
However, primary and secondary alkyl hypochlorites are the
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only possibilities with the alcohols used in this work 
and these are very unstable and not water soluble. It 
therefore seemed unlikely that alkyl hypochlorites were 
formed.
Oxidation of alcohols by hypochlorite thus 
appeared to be the most likely reaction occurring. Such a 
reaction occurs when the haloform reaction, which is used 
for the production cf iodoform and chloroform, is carried out 
(Waddington, 1 962). Chloroform has been prepared industrially 
by reacting acetone or ethanol with sodium or calcium 
hypochlorite as shown by the reaction equations:- 
Ethanol
(1 ) OH,OHgOH
(2) GH,GHO
(3) COljCHO
Acetone 
(4) CH^COCH.
+ NaOGl — CH^OKO
+ 3NaOGl
+ NaOH
+ 3NaOGl
(acetaldehyde)cai^ cHo (chloral)
+ NaOl + HgO
+ 3NaOH
unstable in alkaline soln
GHCl^(chloroform) 4- HGOONa(sodium formate)
0G1.G0GH_(trichloraoetone) 4- 3NaOH
(5) GG1_G0GH_ 4- NaOH ----> GHClJ ( + GH^aOONa(sodium acetate)
The haloform
(chloroform) 
saction will occur only with compounds 
containing the molecular grouping GHy]iK(OH) or GH^OO. In other 
words the carbon attached to the (-0H) or (=0) must also be 
attached to a methyl group.
Since propan-2-ol also contains the grouping 
GH^6h (0H) it should also carry out the haloform reaction. The 
first step is oxidation to acetone:-
(6) (OH^)^GHOH 4- NaOGl (prDpèn-2-ol) ^ (CH,)«CO 4- NaGl * H_0(acJt§ne) ^
From this point the reaction proceeds via chlorination and 
then hydrolysis of the acetone as shown in equations (4) and 
(5).
However, the other three alcohols used in this 
work do not contain the required molecular groups for the 
haloform reaction to be able to take place. Oxidation of the 
alcohols by the hypochlorite might occur however, producing 
carbonyl compounds possibly followed by organic acids 
(equations (?) to (12)).
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Alternatively some type of substitution reaction 
involving chlorine could be taking place.
Oxidation of methanol
(7)
(8)
cH,oan
HGHO
+ NaOGl
+ NaOGl
— > HGHO(formaldehyde)
— > HGOOn(formic acid)
Oxidation of prooan-l-ol
(9 ) G^H_OH + NaOGl --
(10) GgH^GHO + NaOGl
Oxidation of ethanediol
(11) (CHgOH)^ + 2NaOGl -
(12) (GHO)_ + 2Na001
■> GpH OHO(propionaldéhyde)
G H GOOH (propionic acid)
(GHO)p(glyoxal)
(GOOH)^
•f NaGl + HgO
+ NaGl
+ H O  + NaGl
+ NaGl
+ 2 H O  + 2NaGl
+ 2HgO 4 2NaCl(oxalic acid)
In each of the oxidation reactions an aldehyde or 
a ketone is the first product formed, followed by an acid, 
if oxidation continues, or chlorinated derivatives in the 
haloform reaction.
In the mixtures in which chloroform production 
is a possibility, the chlorine could be gradually taken up 
b^ r the alcohol (ethanol or propan-2-ol) thus causing the 
loss of available chlorine. This would also explain why 
the pH did not fall as available chlorine was lost, as it did 
in the mixtures in which the haloform reaction could not 
occur (2.3,1,2). If the chlorine was taken up by the alcohol, 
no acid decomposition products would be formed to reduce 
the pH. The slight rise in pH could possibly be due to an 
excess of sodium hydroxide produced during the reaction 
(equations (2) and (U))e
In mixtures containing methanol, propan-l-ol and 
ethanediol the fall in pH which was observed could have simply 
been due to decomposition similar to that in pure hypochlorite 
solutions (3.2.2.1.1)= Possible production of organic acids 
due to oxidation of the alcohols (equations (8 ), (lO) and
(12) might also have helped to lower the pH. The slight 
differences in rate of loss of available chlorine in mixtures 
containing different alcohols (Figure 8 ) could be explained 
by the different chemical reactions occurring.
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Since mixtures containing methanol or 
ethanediol showed increased-sporicidal activity with age, 
it is possible that one or more of* the reaction products 
listed above had better sporicidal activity than 
hypochlorite alone. Although previous work on sporicides 
(Sykes, 1965) seemed to indicate that this was unlikely, 
many of the reaction products postulated in the equations 
just listed were tested for sporicidal activity as described 
in section 3*2,3.3ol, However, none were shown to have 
significant sporicidal activity indicating that some other 
mechanism was probably responsible for the increased activity 
of alcohol/hypochlorite mixtures.
The rate of release of available chlorine in 
chlorine containing disinfectants may affect germicidal 
activity (Sykes, I9 65). This could perhaps explain why 
alcohol/hypochlorite mixtures had better activity than 
hypochlorite alone. The fact that mixtures which had the 
fastest rate of loss of available chlorine had the best 
initial activity is c onsistent with this theory. This 
would also explain- why at lower concentrations alcohol 
apparently caused less potentiation of hypochlorite 
activity; the rate of loss of available chlorine was reduced„ 
However, the results with acetone and hypochlorite mixtures, 
in which the rate of loss of available chlorine was quite 
rapid apparently contradict this explanation (Tables 41 and 
U2) .
pH is important in controlling the activity of 
hypochlorite solutions (1,3.2,11) and it was shown to 
similarly affect alcohol/hypochlorite mixtures. Since 
reaction of alcohol with hypochlorite caused a change in pH 
this could have influenced activity. Hence, mixtures 
containing methanol or ethanediol demonstrated a decrease 
in pH with time and an increase in activity up to a certain 
time despite loss of available chlorine. The fall in pH 
probably caused the available chlorine present to be 
increasingly in the more active form (HOOl), Similarly, 
those mixtures in which pH increased slightly with time 
(ethanol and propan-2-ol) showed gradually decreasing activity 
as the mixtures aged. Mixtures containing propan-l-ol however
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showed a decrease in plï (although much less than with 
methanol or ethanediol) and also a decrease in activity 
with time, thus contradicting the above findings.
Thus, although both rate of loss of available 
chlorine and pH changes may influence the activity of 
alcohol/hypochlorite mixtures they do not fully explain the • 
increased activity compared with hypochlorite alone.
It is possible that the alcohols, although 
possessing no sporicidal activity, can act on the spores 
in some v/ay thus increasing their susceptibility to hypochlorite. 
Hypochlorites are not good wetting agents but alcohols, 
being solvents might 'wet* the spore surface and thus enable 
the hypochlorite to be more effective. Borick and Pepper (1970) 
suggested that the presence of alcohol in disinfectant 
mixtures aided transport of the disinfectant to the relevant 
spore site. Alcohols are also effective in removing lipid 
layers which might also influence the activity of alcohol/ 
hypochlorite mixtures. Several experiments were therefore 
undertaken in which the activity of mixtures of hypochlorite 
and another solvent (acetone) and hypochlorite plus a 
surfactant (Teepol) were investigated.
Mixtures containing acetone and hypochlorite were 
shown to have no increased activity over hypochlorite alone 
(Table 42). However, due to rapid loss of available chlorine 
in acetone/hypochlorite mixtures (3 -2 .3 .3 *2) the concentration 
of acetone present in mixtures tested for sporicidal activity 
was small. The concentration may therefore have been too 
low to act in a wetting capacity on the spores*
Hypochlorite mixed with Teepol (an anionic detergent) 
had better sporicidal activity than hypochlorite alone 
(Table 43) but activity was not as good as that shown by 
mixtures of alcohol and hypochlorite. Activity was not 
increased by increasing the Teepol concentration. These 
results indicated that activity of mixtures may be partially, 
but not totally, due to surfactant activity.
To further investigate the theory that the alcohols 
might in some way affect the spore, thus allowing the 
hypochlorite to act more rapidly, some experiments were 
undertaken in which spores were pre-treated with alcohol 
and subsequently exposed to hypochlorite (3*2.3*3*4)* The 
results showed that spores treated in this way were slightly
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more susceptible to hypochlorite but a combined alcohol 
and hypochlorite treatment achieved a more rapid kill.
Similar experiments in which spores were pre-treated with 
hypochlorite showed that alcohol had no inhibitory or cldal 
effect on the spores even after hypochlorite treatment.
Thus it seems likely that alcohols can affect the spores in 
some way and this may be occurring in alcohol/hypochlorite 
mixtures. Again, this alone does not completely explain 
the potentiation of hypochlorite activity by alcohols.
The studies on logarithmic growth phase cells 
unfortunately gave little information about the mode of action 
of alcohol/hypochlorite mixtures. The main problem with the 
study was that of inactivation of hypochlorite by the growth 
medium, but other difficulties also made interpretation of 
results difficult. For example, the decrease in turbidity 
after addition of alcohol or hypochlorite could have been 
due to one of many possibilities; clumping of cells, 
disintegration of cells, dilution, or a change in the 
refractive index of the cell walls. By providing a control 
flask the dilution effect could be measured (2 .6 ), and samples 
removed for microscopic examination indicated that clumping 
did not occur* A reaction of cell metabolites with added 
reagent could also produce a change in turbidity.
The results obtained using sub-lethal amounts of 
alcohol and hypochlorite alone were in agreement with the 
documented mode of action of the tv/o disinfectants (1 .3 .2). 
Whereas alcohols can act bacteriostatically, hypochlorites, 
because of their indiscriminate oxidising action, have an 
’'all-or-nothing” effect, Dageley et ad. (l950) showed that 
phenols, alcohols and acetone owed their bacteriostatic 
action to their ability to inhibit the production of 
metabolites essential for rapid cell division. These 
compounds were capable of inducing lags in the growth curve 
which were more pronounced in simple synthetic media, under 
the appropriate conditions, than in broth media. The 
duration of the lag depended on the concentration of the 
inhibitor. Addition of certain amino acids to the treated 
cells enabled the lag in growth to be eliminated, probably 
due to the fact that dénaturation of certain enzyme proteins 
had been effected by the inhibitor and this deficiency could 
be overcome by artificial addition of amino acids*
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In contrastj, there is no evidence to suggest 
that hypochlorites can act 'bacteriostatically and the 
logarithmic growth phase results obtained substantiate 
this* Lawton and Nelson (1953) showed that growth curves 
of organisms surviving chlorine treatment were not altered 
to any extent which indicated that no-damage had been caused*
It was not possible to show potentiation of 
hypochlorite activity by alcohol using logarithmic growth 
phase cells. This was probably because both components were 
active in such low concentrations that even lower concentrations 
of alcohol and hypochlorite were so dilute in the medium that 
interaction between them was difficult*
The study of ultrathin sections of disinfectant 
treated spores using electron microscopy did not show any 
evidence of the spore surface being altered by the alcohol.
The results appeared to show that mixtures of alcohol and 
hypochlorite affected the spores in the same way as 
hypochlorite alone although the mixture acted more rapidly.
The separation of the spore coat layers could have been due
to damage of the outer coat allowing osmosis to occur, which 
resulted in swelling* The effects observed were in agreement 
with some previously Imown facts such as the dissolving of 
surface layers by sodium hypochlorite (Rode and Williams, 1966); 
However, the effect of alcohol/hypochlorite mixtures and 
probably alcohol alone had not been studied in-this manner 
previously* These results add weight to the theory that the 
activity of mixtures is due either to a pH effect making the
hypochlorite more active or to the more rapid rate of release
of available chlorine.
It is therefore concluded that the increased 
activity of alcohol/hypochlorite mixtures over hypochlorite 
'alone is probably due to a combination of factors including 
change of pH, rapid release of available chlorine and possibly 
the fact that the alcohol helps to bring the iiypochlorite into 
more intimate contact with the spore surface, thus allowing 
it to act more rapidly*
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4*4 THE APPLICATION OF ALGOHOL/BYPQGHLQRITE MIXTURES ANDBUFFERED HYPOCHLORITE SOLUTIONS TO FLEXIBLE PIBRE-OPTIG ENDOSCOPES
It was shown in the Introduction (1.6*4.I,3*2) that 
there are no chemical disinfectants available at present 
which are capable of rapid sterilisation. Fibre-optic 
endoscopes were given as an example of medical equipment 
which cannot be sterilised by physical methods and yet where 
sterilisation is desirable. Disinfection may be considered 
to be adequate for those endoscopes which only make contact 
with intact mucous membranes or which enter normally colonised 
orifices. However, it v/as noted that special circumstances 
may arise (such as use on debilitated patients, damage to 
mucous membranes and the necessity of taking biopsy specimens) 
when the chance of infection caused by a contaminated endoscope 
would be greatly i ncreased. In such circumstances sterility 
of the endoscope is desirable.
Reports in the literature and results of the 
study of the use of endoscopes in two hospitals (3.3,1) show 
that many of the disinfection procedures carried out are not 
effective in removing bacteria. Examples of infections 
reported in the literature were given in the Introduction 
(Table l). Most of these were exogenous in origin and almost 
certainly due to inadequate disinfection.
Endogenous infections are very difficult to control 
other than by careful technique which minimises damage to 
mucous membranes. The normal flora present in the site in 
which the endoscope is used will influence the probable 
infection. Many of the transient bacteremias following 
endoscopy which were reported (1,6,4.1.3,1) may have been due 
to endogenous flora since most of'the studies were done 
following endoscopy in normally colonised sites. However, 
if large numbers of bacteria are present in a site due to 
a contaminated endoscope, the possibility of these organisms 
entering the blood is as likely as those of the normal flora.
One aspect of cross-infection which has not generally 
been studied is the transfer of parasites via the endoscope, 
but there has been a recent report (Keighley et ad, 1979) of 
transfer of malignant cells from one patient to the next. 
Although infection of one patient from another was thus 
possible, mis-diagnosis was the particular problem in this 
reoort,
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Section 3«3*1 (Results) reported the findings 
of a study on the contamination of endoscopes and the 
effectiveness of cleaning and disinfection methods used.
Although the cleaning and disinfection procedures described 
were those which staff said were used it was observed that 
they were not always adhe.t‘ed to. For instance, although in 
the Day Ward at Poole General Hospital water alone was supposed 
to have been sucked up the biopsy channel between patients on 
a list; even this was not carried out on several observed 
occasions 0 Failure to carry out procedures was almost always 
due either to shortage of staff or lack of communication 
and transfer of information when staff changed. Such problems 
are probably common throughout the National Health Service 
and more attention should be given to education of staff so 
that they realise the risks to which they may be subjecting 
patients*
The results of these studies emphasized the 
importance of thoroughly drying equipment after cleaning 
and disinfecting* The i nternal channels of the flexible 
fibre-optic endoscopes were shown to be very difficult to dry 
completely* Although hanging in a cupboard rather than storing 
flat in a case would be expected to allow better drainage and 
drying of the channels, liquid was obtained on several occasions 
from the channels of endoscopes which had been hanging for up 
to one year. The use of alcohols in the channels followed by 
suction or blowing of air should aid drying, but even this was 
shown not to be fully effective.
Since the internal channels are so difficult to 
thoroughly dry, it is very important that endoscopes should 
be cleaned immediately before use in order to remove organisms 
which may have multiplied since previous cleaning and 
disinfection. It is interesting to note that of the infections 
reported in Table 1 all of those which were exogenous in origin 
were'due to Gram negative bacilli which are particularly capable 
of multiplication in moist conditions. Smaller numbers and 
tjnjes of organisms should be left in internal channels if 
better cleaning and disinfection processes are carried out. 
However, even a few can multiply to large numbers in moist 
conditions. The results showed that as many as 10^ organisms 
could be present in the biopsy channel at the beginning of a 
session and with such high numbers the first patient on a list 
could stand a good chance of becoming infected if any were
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pathogenic or if a biopsy specimen is taken. Noy (1977) 
showed that of 124 patients from 25 gastroscopy sessions,
19 became orally colonised by bacteria from the endoscope 
(usually Pseudomonas aeruginosa) ; 18 were first on the list.
Noy’s results also agreed with the findings of this study 
in that even after poor cleaning, fewer organisms were present 
in the endoscope during a session than immediately before the 
next session unless cleaning had just been carried out. Thus 
patients are apparently more at risk of becoming infected if 
they are first on the list.
Problems may arise in patients who have been 
inoculated with an organism such as Pseudomonas by a 
contaminated gastroscope. Even if they show no signs of 
infection the danger is that such opportunists may colonise 
the gastrointestinal tract and may then serve as a source of 
infection, perhaps causing cross-infection in the ward.
The results of bacteriological sampling also 
showed that the outer surfaces of endoscopes were easily 
cleaned and disinfected and, being dry during storage, remained 
free from build up of bacteria. Similarly, other articles 
which could be stored dry or which could be pasteurised were 
likely to cause few problems*
The use of chlorhexidine at Sdgware appeared to have 
limited value. It has been recommended (Lowbury et , 1975) 
that if chlorhexidine is used for disinfection of inanimate 
objects the concentration should not be less than 0.^ 2 per cent.
In the bronchoscopy session the initial concentration of the 
chlorhexidine solution, used for soaking the telescopes, was 
0.02 per cent, and this was diluted during the session. As 
more telescopes were apparently available but not used it would i 
probably have been better to have had them all in use thus 
enabling pasteurization of one set whilst another set was 
being used. The practicality of this would depend on factors 
such as how many telescopes were actually available and the 
time taken on each patient, but might well be of importance 
especially when examining possible tuberculous patients. If 
pasteurisation of instruments during a session was impracticable 
the use of.a better liquid disinfectant or sterilant in place 
of chlorhexidine would be preferable.
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Chlorhexidinep in the form of Savlon, was also 
used during gastroscopy sessions at Edgware. Bavlon contains
1 ,5  per cent, chlorhexidine and was used as a one per cent, 
solution for cleaning the biopsy channels of the gastroscopes. 
Thus the effective concentration of chlorhexidine was 
0 ,0 1 5 per cent, which again is far less than that recommended 
by Lowbury e;t al. (1975)* In this case the spirit used for 
rinsing the channels probably had more antibacterial action . 
than t he Savlon which was of more use as a surfactant, helping 
to clean the channels. The results obtained showed that this 
procedure using Savlon followed by spirit did not achieve 
disinfection of the internal channels.
The results of sampling showed that the biopsy 
channel is the one which could become grossly contaminated 
during use but thorough cleaning with a surfactant (Savlon or 
soap) and the cleaning brush achieved large reductions in the 
number of organisms present* The use of disinfectant is 
probably necessary to reduce these numbers further.
It has been stated that research is needed to 
establish quick and effective methods of sterilization for 
these easily damaged and expensive pieces of equipment 
(Axon, 1979) and the results of this research reinforced 
this statement. Sterilisation and disinfection methods 
available for endoscopes were considered in the Introduction 
(6 .4,1,3.2 and 6 .4.1,3*3), Although many of the endoscope 
accessories, such as cytology brushes and biopsy forceps can 
be autoclaved, gaseous ethylene oxide or formaldehyde are the 
only available methods of sterilizing flexible fibre-optic 
endoscopes. Both require several hours in which to work, and 
formaldehyde is much less reliable than ethylene oxide.
Ethylene oxide treatment is recommended when an endoscope 
has been used on a patient knov/n to have a communicable disease 
such as hepatitis or tuberculosis or is a typhoid carrier 
(A^rliffe and Deverill, 1979). However, damage to the endoscope 
can be caused by certain ethylene oxide machines if the pressure 
or temperature is too high. Thus, the working conditions of the 
machine and the manufacturers* information concerning maximum 
pressure and temperature which the endoscope will withstand, 
should be consulted.
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Disinfection methods available all rely on 
liquid chemicals to treat both the internal channels and 
external surfaces. Flexible fibre-optic endoscopes must not 
be fully immersed in the liquid. The liquids available for 
disinfection will be discussed later.
An alternative to the problems just described is 
to persuade manufacturers of the necessity to produce equipment 
which can withstand heat treatment oi"\ complete immersion in 
liquids or moist vapours. Thus sterility of the whole 
instrument could be obtained, Low-temperature steam, with 
or without formaldehyde promises to be a useful sterilization/ 
disinfection method of the future and since the temperature 
used is low, it merely requires the equipment to withstand 
the action of $oist vapour. However development of equipment 
which could withstand heat and moisture might necessitate an 
increase in cost resulting in prohibitively high levels. The 
purchase of more than one endoscope by a unit so that one 
could be thoroughly disinfected or sterilized whilst the other 
was in use might be a more easily achievable solution to the 
problem.
Thus, at present the best solution to the problem 
of disinfecting or sterilising flexible fibre-optic endoscopes 
between patients, would seem to be a sporicidal liquid. This 
would only be capable of sterilizing those parts of the 
instrument with which it was in contact, sterilization of the 
whole instrument would not be possible. The requirements 
which such a liquid should fulfill are as follows 
( a) Antimicrobial, activity
The liquid should be a potential sterilizing agent.
In particular it should be highly bactericidal, sporicidal, 
fungicidal and virucidal,
(b) Rate of kill
Since the turnaround time between patients on an 
endoscopy list may be as short as fifteen minutes or even 
less, sterilization should be achieved well within this 
t ime o
(c) Duration of activity
An average endoscopy session probably lasts for up 
to six hours. Hence a lic^uid needs to be active only for 
about twelve hours at most, after which it can be discarded, 
( b.) Temperature
The liquid must work without heating it to high 
temperatures and preferably at room temperature,
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(e) Location
As endoscopes, particularly flexible fibre-optic 
endoscopes, are delicate, expensive instruments, physicians 
and surgeons do not like tliem to be removed from the 
theatre or place of use,
(f) Toxicity
The liquid should not be toxic or irritant to the 
skin, since residues may be left on the endoscope.
Preferably it should be odourless.
(g) Corrosiveness
The liquid should not be corrosive or dissolve the 
cement which holds the lenses in position*
(h) Cost
The cost of the liquid must be acceptable.
The only sporicidal liquids used for endoscopes at
present are glutaraldehyde (usually Gidex) and iodophors (such 
as Betadine) (1.6 .h.lo.3)« Gidex does not fulfill the above 
criteria since at least three hours are required to kill 
bacterial spores and it can cause skin sensitisation in users. 
Residues must be washed off the instruments before use.
The very high cost of Betadine restricts its use for 
general instrument disinfection or sterilisation and although 
rapidly bactericidal, contact times of several houi's may be 
necessary to kill spores.
Two unbuffered alcohol/hypochlorite mixtures 
described in section 2 .3 (5 0 and 25 per cent, methanol with
2,000 p.p.m, av.Gl.) fulfill conditions (a) to (a) above.
These mixtures showed good sporicidal activity within 15 minutes 
and remained active for at least eight hours after preparation. 
The cost of these mixtures was less than that of Gidex or 
Betadine (Appendix 4) but whereas Gidex could be re-used for 
up to 14 daySjre-use of alcohol/hypochlorite mixtures could 
not be recommended. However, small quantities of mixtures 
could be prepared when required; five litres of Gidex must all 
be used, or discarded, within 14 days. Corrosiveness of these 
unbuffered mixtures towards endoscopes was not investigated but 
inference from the effects of buffered mixtures containing 
lower concentrations of alcohol and hypochlorite indicated that 
it was likely to be unacceptable.
All five o f the alcohols tested at a concentration 
of one per cent, with 100 p.p.m. av.Gl. and buffered to pH 7.6 
produced mixtures which had more rapid sporicidal activity than 
the unbuffered mixtures and this activity lasted for up to
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24 hours* They were also cheaper than the unbuffered 
mixtures (Appendix 4) and were less corrosive; However, 
at these concentrations tîie activity of hypochlorite alone 
was almost as good as the activity of the mixtures and it had 
the advantage of greater stability, should the solution have 
to be stored. Hypochlorite alone was therefore subsequently 
considered for application to endoscopes.
Experiments in which the biopsy channel of an 
esophago-gastroscope was contaminated with spores or vegetative 
bacteria (3 =3 *3 ) showed that a buffered solution of sodium 
hypochlorite (1 0 0 p.p.m. av.Gl. pH 7.6) was more effective 
than Gidex or water in rapidly disinfecting, with a good 
possibility of sterilizing, the channel. Good initial cleaning 
would be necessary before using the hypochlorite solution.
Trials are at present being undertaken to determine the 
effectiveness of a similar solution (250 p.p.m. av.Gl. pH 7.6) 
in actual endoscopy sessions (4 ,6 ).
The studies of corrosion of endoscope components 
(3 .2 .1 ) indicated that the concentration of buffered hypochlorite 
(pH 7 ,6 ) could be raised from the 100 p.p.m. av.Gl. used in 
earlier testing to 200 and possibly 500 p.p.m. av.Gl. Some 
damage to the polyurethane, used for the insertion tube 
covering, was caused by hypochlorite solutions containing up 
to 500 p.p.m. av.Gl, but this was when long immersion periods 
were used. In practice, continuous immersion would not occur, 
thus reducing the likelihood of damage, and the trial mentioned 
above will determine the effects of such solutions in use. 
Alternatively, since polyurethane was the only endoscope 
component which was badly affected, it might be possible for 
the manufacturers to use some other material for the insertion 
tube covering.
Raising the hypochlorite concentration above 
100 p.p.m. av.Gl. would give increased activity and added 
safeguard against possible inactivation of the hypochlorite 
if prior cleaning had not been efficient. Gleaning will 
however always be a pre-requisite of chemical disinfection 
and this is particularly important when hypochlorites are used. 
The detergent used for cleaning must be chosen with care since 
cationic comnounds will inactivate hypochlorites.
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Thus a buffered solution of sodium hypochlorite 
containing 100 p.p.m. av.Gl* at pH 7*6 fulfills the criteria 
described earlier, for a liquid to treat flexible fibre-optic 
endoscopes. Up to 500 p.pnn* av*Gl, might also be useful 
but since instruments may be more liable to corrosion, frequent 
examination, to detect early signs of damage, should be made*
It has 30 far been envisaged that such a sporicidal 
liquid should be used for manually sucking through the 
internal channels of endoscopes and possibly leaving it 
there for a soaking period. However, methods of cleaning 
flexible fibre-optic endoscopes using machines, have recently 
been investigated* An automatic machine which flushes liquids 
through the channels has many advantages but the risks of 
damage to the endoscope are greater than when using manual 
methods (Ayliffe and Deverill, 1979)« If such machines were 
adopted a rinse with a sporicidal liquid following the cleaning 
rinses might be possible*
The problem with any new method of cleaning, 
disinfecting or sterilizing is defining what is an acceptable 
risk; to both instrument and patients The possibility of even 
minimal damage to a fibre-optic endoscope is usually 
unacceptable since repairs are very expensive and many 
endoscopy units have only one instrument in routine use.
. For this reason trials are necessary, but meanwhile the 
possibility of damage to the patient due to inadequately 
disinfected instruments must not be forgotten»
495 OTHER APPLICATIONS OF ALGOHQL/HYPOGHLORITE MIXTURES AND BUFFERED HYPOCHLORITE SOLUTIONS
The results which have been reported show that
various alcohol/hypochlorite mixtures could be formulated to
meet different requirements simply by adjusting alcohol and
hypochlorite concentration, type of alcohol and pH of the
m i x t u r e .  T h u s  i t i s  p o s s i b l e  t h a t  t h e y  c o u l d  b e  u s e d  f o r
purposes other than for the flexible fibre-optic endoscopes
80 far considered*
Rigid fibre-optic endoscopes can usually withstand
physical methods of sterilization better than flexible fibre-opti
instruments and most can be completely immersed in liquids or
moist gas (1.6.4.1,3). However, in contrast to the flexible
endoscopes, many of the rigid instruments fall into the
category of critical equipment which must be sterile for use.
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This is because they enter sterile sites of the body 
such as joints (arthroscopes) and the abdomen (laparascopes). 
Not all of these instruments can withstand autoclaving 
and, of those which can, some of the manufacturers recommend 
that it is not done routinely* Pasteurisation is often 
possible for disinfection but a reliable sporicidal liquid 
is necessary for cold sterilization* Those liquids available 
(glutaraldehyde and iodophors) have to be rinsed off after 
treatment thus introducing the hazard of re-contamination*
The buffered alcohol/hypochlorite mixtures mentioned in 
section 4*5 or hypochlorite alone buffered to pH 7*6 could 
probably be used for rigid endoscopes* Providing the 
instruments were made of stainless steel and not plated metal, 
even the unbuffered mixtures containing higher concentrations 
of alcohol and hypochlorite could probably be used without 
causing corrosion*
Although the unbuffered mixtures are slightly 
slower acting than the mixtures buffered to pH 7,6? t heir 
advantage is that they are less easily inactivated* However 
all the mixtures are badly affected by organic matter and for 
this reason articles should be clean before immersing in the 
solutions. When the presence of organic matter cannot be 
avoided (such as when decontaminating articles before handling) 
a concentrated unbuffered solution of hypochlorite can be used 
if the items are not subject to corrosion* If dirty articles 
are likely to be damaged by high concentrations of hypochlorite 
another disinfectant which is less affected by organic matter 
can be used since the aim in these circumstances is 
decontamination and not sterility. The presence of bacterial 
spores is not generally a hazard during subsequent cleaning 
of the articles.
Many small pieces of hospital equipment could be 
rapidly sterilized by a buffered hypochlorite solution or an 
alcohol/hypochlorite mixture providing they are able to be 
fully immersed. In all cases however, the general rule that 
physical sterilisation methods should be applied whenever 
possible, should be remembered. These mixtures could perhaps 
be considered as a rapid method of sterilization for use in 
emergencies when shortage of time precludes the use of physical 
methods. Plated metals and some rubbers or synthetic 
materials may be attacked by chlorine containing disinfectants 
although the short immersion periods necessary should minimise
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this risk. Hard plastics, glassware and stainless steel 
should be unaffected by the buffered mixtures and probably 
also by the unbuffered mixtures containing higher, concentrations 
of alcohol and hypochlorite,
hypochlorite solution buffered to pH 7*6 possibly 
in combination with a detergent has been suggested for use 
with machines designed to wash the internal channels of 
flexible fibre-optic endoscopes. Such a machine has been 
described by Baas (1977) and Ayliffe and Deverill (1979) 
have studied a similar machine. Gleaning machines used for 
other hospital equipment might also give improved disinfection 
or achieve sterilization if a buffered hypochlorite solution was 
incorporated as a final rinse.
Still in the hospital field, mixtures of alcohol 
and hypochlorite could perhaps be formulated as skin 
disinfectants. The alcohol might aid in penetrating grease 
and more rapid sporicidal activity might be obtainable than 
that which i s at present achieved with iodophors. However, 
inactivation of the hypochlorite by the skin might reduce 
the mixture®s activity and toxicity and absorption studies on 
the mixture would be necessary before advocating its use.
Many uses of alcohols and hypochlorites were 
outlined in the Introduction (1,3*3)* MixtLires of alcohol 
and hypochlorite or buffered hypochlorite solutions could 
probably be used in some of these situations with advantage.
For example, hypochlorites are used for rinsing food and 
drinking utensils after washing, in places where speed is 
essential (1.3*3). The use of a buffered hypochlorite 
solution in such situations could enable spores as well as 
vegetative organisms to be rapidly killed if this was thought 
to be necessary. Similarly in the dairy industry, where 
spores can sometimes become a problem, equipment could be 
rinsed in a buffered hypochlorite solution prepared by adding 
hypochlorite and a buffer tablet to a known volume of water.
In these cases it would have to be ensured that the detergent 
used for prior cleaning was c ompatibls with the hypochlorite 
but this would apply with any chlorine-releasing agent. Before 
using alcohol/hypochlorite mixtures in areas concerned with 
food or drink production the possible toxic effects would have 
to be further investigated. However this would not apply with 
hypochlorite alone buffered with phosphate buffer.
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The application of buffered hypochlorite \
solutions to the aseptic packaging of food could also 
be considered,. Chemical sterilants are used to sterilize 
aseptic packaging systems which utilise plastics, paperboard 
or foil containers (Smith and Brown, 1976)* At present 
hydrogen peroxide is one of the most commonly used liquids 
but buffered hypochlorite might achieve more rapid sterilization.
Other uses of hypochlorites are in the water supply 
industry and in swimming pools, Alchol/hypochlorite mixtures 
could not easily be used for these purposes due to the dilution 
factors involved. Very low concentrations of hypochlorite 
are used and it was shown earlier (3*2. = 3*2.1) that at low 
concentrations the advantage of alcohol/hypochlorite mixtures 
over hypochlorite alone was minimal.
The main advantage of alcohol/hypochlorite mixtures 
and buffered hypochlorite solutions over other liquid chemical 
disinfectants is their rapid sporicidal acticity. Their main 
applications will therefore be in situations where sterility is 
desired and there is no other rapid method of achieving it.
V/hen only disinfection is required as in many of the instances 
where hypochlorites are already used at present, there may be 
little advantage in changing from the present system. However, 
rapid sporicidal activity also indicates very rapid activity 
against other organisms thus an additional level of safety 
might be gained and corrosive effects would probably De reduced.
4.6 SUGGESTIONS FOR FURTHER WORK
The main aim of this work was to find a rapid 
method of sterilising heat-labile surgical equipment. This 
aim has been achieved. Various alcohol/hypochlorite mixtures 
and sodium hypochlorite solution buffered to around pH 7*6 
have been shown to possess rapid sporicidal activity. This 
activity is faster than that of other currently available 
sporicidal liquids. Some of the buffered solutions have been 
shown to be effective in trials using laboratory contaminated 
equipment. Since the development of these liquids was all 
done in the laboratory it remains necessary to carry out 
trials using the liquids in practical situations. This work 
has been started by the Hospital Infection Research Laboratory 
in Birmingham. They agreed to use a hypochlorite solution 
(250 p.p.m. av.Gl. pH 7*6) in hospital endoscopy sessions and
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a s s e s s  i t s  e f f e c t i v e n e s s  a s  a d l s i n f e c t a n t / s t e r i l a n t .  T h i s  
t r i a l  s h o a l d  a l s o  p r o v i d e  f u r t h e r  v a l u a b l e  i n f o r m â t j o n  a b o u t  
t'ne c o r r o c i v e  e f f e c t s  o f  t h e  s o l u t i o n  o n  t h e  e n d o s c o p e s .
hie m i x t u r e s  p r o p o s e d  f o r  u s e  w i t h  s u r g i c a l  
"i n s t r u i . e x s s  ( h . ^ )  h a v e  b e e n  s h o w n  t o  b e  r a p i d l y  s o o r i c i d a l  
a n d  b a c t e r i c i d a l .  T h e y  v/e.re a l s o  a c t i v e  a g a i n s t  C a n d i d a  
a l b i c a n s . H o w e v e r ,  a c b i v i t y  a g a i n s t  o t h e r  f u n g i ,  v i ^ - u s e s  
a n d  p r o t o . : o a  w a s  n o t  i n v e s t i g a t e d  a n d  t h i s  m i g h t  b e  w o r t h  
f u r t h e r  s t u d y  i n  o r d e r  t o  p r o v i d e  a c o m p l e t e  s p e c t r u m  o f  
a c t i v i t y ,  d o m e  i n v e s t i g a t i o n  o f  a n t i v i r a l  a c t i v i t y  is  t o  b e  
a t t e m p t e d  a t  P r e s t o n  P u b l i c  H e a l t h  L a b o r a t o r y .  A c t i v i t y  a g a i n s t  
a l g a e  m i g h t  b e  i m p o r t a n t  i f  t h e  m i x t u r e s  w e r e  t o  b e  u s e d  f o r  
e n v i r o n m e n t a l  d i s i n f e c t i o n  o r  s t e r i l i s a t i o n ,  a n d  t h e  e f f e c t  o n  
c e l l s  t a k e n  f r o m  p a t i e n t s  f o r  h i s t o l o g i c a l  p u r p o s e s  s h o u l d  a l s o  
b e  c o n s i d e r e d .
A l t h o u g h  t h e  m a i n  a i m  o f  tliis w o r k  h a s  b e e n  
a c h i e v e d ,  t h e r e  a r e  s t i l l  s u b s i d i a r y  a s p e c t s  w h i c h  m i g h t  
m e r i t  f u r t h e r  i n v e s t i g a t i o n .  F o r  e x a m p l e ,  b e f o r e  u s i n g  t h e  
m i x t u r e s  f o r  s k i n  d i s i n f e c t i o n  o r  i n  f o o d  h a n d l i n g  a r e a s ,  
a s  s u g g e s t e d  i n  s e c t i o n  U . 5 ?  t h e i r  t o x i c i t y  w o u l d  h a v e  t o  
b e  i n v e s t i g a t e d .  T h e  t o x i c i t y  o f  a l c o h o l s  i s  w e l l  d o c u m e n t e d  
a n d  h y p o c h l o r i t e  i s n o n - t o x i c  i n  t h e  c o n c e n t r a t i o n s  u s e d  i n  
t h e  d a i r y  a n d  f o o d  i n d u s t r i e s .  H o w e v e r ,  t h e  t o x i c i t y  o f  
m i x t u r e s  w a s  n o t  i n v e s t i g a t e d  i n  t h i s  s t u d y  b e c a u s e  h y p o c h l o r i t e s  
a l o n e  w e r e  e v e n t u a l l y  c h o s e n  f o r  u s e  w i t h  e n d o s c o p e s ,  a n d  i t  
i s  p o s s i b l e  t h a t  a n y  r e a c t i o n  p r o d u c t s  m i g h t  h a v e  g r e a t e r  
t o x i c i t y  t h a n  a l c o h o l  o r  h y p o c h l o r i t e  a l o n e .  M a n y  e x a m p l e s  
a r e  k n o w n  o f  c a s e s  w h e r e  h a r m f u l  s u b s t a n c e s  h a v e  b e e n  p r o d u c e d  
b y  m i x i n g  a p p a r e n t l y  s a f e  c h e m i c a l s  a n d  G a m b l e  (1977) d e s c r i b e d  
s u c h  a n  i n s t a n c e  i n  t h e  f i e l d  o f  d i s i n f e c t i o n .
S k i n  a b s o r p t i o n  o f  t h e  m i x t u r e s  a n d  a l l e r g i c  o r  
s e n s i t i v i t y  r e a c t i o n s  w o u l d  a l s o  n e e d  i n v e s t i g a t i o n  b e f o r e  
t h e i r  u s e  a s  s k i n  d i s i n f e c t a n t s  c o u l d  b e  r e c o m m e n d e d .
S i n c e  t h e  m e c h a n i s m  o f  a c t i o n  o f  a l c o h o l / h y p o c h l o r i t e  
m i x t u r e s  a g a i n s t  s p o r e s  w a s  n o t  f u l l y  e l u c i d a t e d  b y  t h i s  w o r k  
t h i s  c o u l d  a l s o  b e  w o r t h  f u r t h e r  i n v e s t i g a t i o n .  F u r t h e r  
e l e c t r o n  m i c r o s c o p e  s t u d i e s  m i g h t  y i e l d  m o r e  i n f o r m a t i o n  a l t h o u g h  
t h i s  s e e m s  u n l i k e l y .  A n o t h e r  m e t h o d  o f  i n v e s t i g a t i n g  t h e  
m e c h a n i s m  o f  a c t i o n  c o u l d  b e  t o  t e s t  t h e  r e s i s t a n c e  o f  s p o r e s  
w h i c h  h a d  j u s t  g e r m i n a t e d .  A t  t h i s  s t a g e  w h e n  t h e  s p o r e s  h a v e
Ü95
j u s t  b e c o m e  p h a s e - d a r k  ( u n d e r  a  p h a s e - c o n t r a s t  m i c r o s c o p e )  
t h e i r  o u c e r  c o a t s  a r e  s t i l l  i n t a c t  b u t  h e a t  r e s i s t a n c e  h a s  
b e e n  l o s t  ( G o u l d ,  1971). T h u s  i t  c o u l d  b e  d e t e r m i n e d  
w h e t h e r  :r n o t  t h e  s^uu^e c o e t  p r o v i d e s  a b a r r i e r  w h i c h  
r e n d e r . -  t::^ s p o r e s  r e s i s t a n t  t o  t h e  m i x t u r e s  a n d  i n d e e d ,
10 hyr 0chiorite alone,
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period of monitoring.
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APPENDIX II
>i assay of avail-bl ? chlorine ti tra tion:
ae ; (IOC,.
Oil - ?Ki 3 2CH-,C00H— » kCl u IG’DCOOK -fp : /'.. P'J^ C' n — > AT- Z, o .^ ^ 'O ** * * *"'* 'D ^
lîoncc NaCCl - 2Na_S.O- / . \2 4 p  ( A )
3. Cl- I H O HOCl 4- ÏIC1
4. HOCl + NaOH->NaOCl r U^O
Hence Cl^ = NaOCl
From (a ) and (3)
1 molecul e chlorine = 2
1 atom chlorine = 1
1 gram .atom chlorine = 1
33 .45 g chlorine = 1
0. 03545g chlorine = 1
0. 003545g chlorine - 1
molecule tbioGulphate 
gram molecule thiosulphate 
litre N thioaulphate 
ml N thiosulphate 
ml N/10 thiosulnhate
(b) Arsenite method.
1. OGl + Ma,_AsO_— ► Cl + Na_,AsO, y  3  3  4
Hence 1 molecule arsenite = 1 atom chlorine
1 gram molecule arsenite = 1 gram atom chlorine
1 litre N arsenite = 35«43g chlorine
1 rnl K arsenite = 0.03545g chlorine
1 ml 0.l4l N arsenite - 0.03545 :: 0.l4lg chlorine
= 0.0049984g chlorine
= 5fig chlorine
5mg chlorine/5 ml sample = 200.x 5mg chlorine/litre sample
- 1 g chlorine/litre sample
Thus the titration (ml of 0,141 N sodium arsenite) gives 
directly the result as grams/litre of available chlorine 
in the samnle, 316
APPENDIX III
■J.-W : -i : of h vooc!'iIo:.-ou3 acid co.ic oitr-tion i a hynochlorite
’iypociilorouc acid aj.asocv tea in '-’ater
according to t'ac ec ua tion
HOCl ^  H" :• OCl"
"’ho extent of dissociation is dependent upon the pH
of the so In tion. Since HCCl'is r.ore nicrobicidally active
t.fian O f ’” (Ora"is ^.,1958) it. in of interest to be o.ble
to calculate the concentration o c HuCl nrecen t at a given pH
lUidi 3s o c ia t od HOC 1 X 100
tl '] ^ _8•: = dissociation constant for HOfl = 2.95 x 10 
at pH 7.2, for e::a:c.cl9, [pll -- 10 '
Therefore, HOCl - __________'____________
10"^'^ -I C’.95 X 10"")
X 100
10 := log 10 X -7.8 =: 1.0000 .X -7.6 := -7 .3
Antilog -7.%,i.P.8.2000,- I . 5 8 5 x 10“'‘
Therefore, - HOCl = x 1Q-° K W O
1 . 5 8 5  X 1 0"^ + 2 . 9 5  X 1 0 "'^
1 . 5 8 5  X 1 0 " ^
4 . 5 5 5  X 1 0 '
= 74.8
4.555
Concentration of HOCl at pH 7.8 = 54.8?j
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•■ypTY j /
:osr,3 of -ome w-oricidal liouids.
t'c 1 ume 0 c o •.11 > i nor Price Cost per litre
Cl 'Î 0 p litres OB. 85 77.Ip
f -i j no 5 litres -1 _ ~ALl 0 2 . 2 7
wet^anol 
-r- - , 0 0 0 p.p.m.
av.Cl.
as required 2 8 .yc *
■1/ methanol + 
100 p.p.m.av.Cl 
pH 7 . 6
as required 1 0 .op *
1 0 0 p.p.m.aV.Cl
pH 7.6 as required 9.5p »
-00 p. p.-'.av. Cl 
pH 7.6 as required 9.6p *
Prices are based on figures from the BDH catalogue prices for 
1977; and on prices paid by Poole General Hospital for Cidex 
and Be badine.
Prices of analaR reagents were used in the calculation of 
these figures although cheaper grades could probably bo 
used ; thus further reducing the costs. It v;as assumed 
that phosphate buffer was used in order to achieve the 
correct pH in the buffered mixtures, and the price of 
the reagents required for its preparation were included 
in the costs.
518
